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About this Manual 

We’ve added this manual to the Agilent website in an effort to help you support your 
product. This manual provides the best information we could find. It may be incomplete 
or contain dated information, and the scan quality may not be ideal. If we find a better 
copy in the future, we will add it to the Agilent website. 

HP References in this Manual 

This manual may contain references to HP or Hewlett-Packard. Please note that Hewlett- 
Packard's former test and measurement, life sciences, and chemical analysis 
businesses are now part of Agilent Technologies. The HP XXXX referred to in this document is 
now the Agilent XXXX. For example, model number HP8648A is now model number Agilent 
8648A. We have made no changes to this manual copy. 

Support for Your Product 

Agilent no longer sells or supports this product. You will find any other available 
product information on the Agilent Test & Measurement website: 

www.aqilent.com 

Search for the model number of this product, and the resulting product page will guide 
you to any available information. Our service centers may be able to perform calibration 
if no repair parts are needed, but no other support from Agilent is available. 
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CERTIFICATION 

Heyitett-Packard Company certtfies that this product met iL pubiished specifications at the time of 
shipment frt}m the factory. Hewlett-Packard further certifies that its calibration measurements are 
traceable to the United Stales National Bureau of Standards, to the e.xtent allowed by the Bureau ‘s 
. calibration facility, and to the calibration facilities of other International Standards Organization 
_ > tembers. 

' WARRANTY 

This Hcwlett-Puckurd instrument prodiict is warranted against defects in miitcrial and workmanship 
for a period of one year ^rom date of shipment. During the warranty period, Hewlett-Packard Com- 
pany will, at its option, either repair or replace products which prove to be defective. 

For wananty service or repair, this product must be returned to a service facility designated by HP. 
i , Buyer shall prepay shipping charges to HP and HP shad pay shipping charges to return the product to 
/Buyer. However, Buyer shall pay all .shipping charges, duties, and taxes for products returned to HP 
y from another country. ’ - ' , i : 

HP warrants that its software and firmware designated by HP for, use with an instrument will execute 
' its propamming instructions when properly. installed on that instrument. HP does not warrant that the 

. . operation of the instrument, or software, or firmware will be uninterrupted or error free. 
■VAvLIMITAtION OF WARRANTY ' ‘ ' 'm ; . A/ , , ■ , j . ■ a’ ■’ 

\\ foregoing warranty shall not apply to defects resulting from improper or inadequate maintenance 
; 'i '■ Buyer-supplied software or interfacing, unauthorized modification or miv.ise, operation 

\ "(t>utsidc of the environmental specifications for the product, or improper site prcparatiori or'main- 

.'Vi tenance.V , m; ■ v. i . 



\ NO OTHER WARRANTY IS EXPRESSED ORTMPLiED. HP SPECIFICALLY DISGLAi'MS THE IM- 
PLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PaR’.I'ICULAR PURPOSE 
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^ -V^EXCLUSIVE REMEDIES) ' ' ^ v; \ j 

THE REMEDIES PROVIDED HEREIN ARE BUYER'S SOLE AND EXCLtisiVE REMEDIES HP 
SHALL NOT BE LIABLE, FOR, ANY DIRECT; INDIRECT, SPECIAL, INCIDENTAL, OR CONSE- ' 
’ ' DAMAGES. WHETHER BASED ON CONTRACT, TORT, OR ANY OTHER LEGAL 

.THEORY. -'ll ’ I 



ASSISTANCE 

t I i • ; 



Product maintenance agreements and other custorher askdahee agreements are. available for Hewlett- 
Packard products, ' . ' / v 

■ 1 " i ' ' ' ' / ' ■ , ' . ^ ' ' ■ 

For any as,Histance, contact . your nearesfftcwlctt-Puekard Sates and Service Office.! Addresses are 
providedat the buck of this manual.. ' , ... / f. ' 
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MICROWAVE AMPLIFIER 
MODELS 489A/491C 






SERIAL PREFIX 972- 

This manual applies directly to HP Models 
489A/491C Microwave Amplifiers having 
serial prefix number 972-. 



SERIAL PREFIXES NOT LISTED 

\ Se^ INSTRUMENTS COVERED BY 
MANUAL paragraph in Section I. 
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SECTION I 

GENERAL INFORMATiON 



1-1. INTRODUCTION 

1-2. This ’manual contains installation, operatioij, ' ' 
service information for HP Model 489A/491C 
Microwave Amplifiers, shown in Figure 1-1. 
Complete specifications are given ir< Table 1-1. 

1-3. INCTRUMENTS COVERED BY MANUAL 

1-4.' Each Model 489A/491C is identified' by a 
two-sectipn, eight-digit (000-00009) serial number 
on the r(»ar of the in.striiment. I’he three-digit 
number is a serial prefix number used to docu- 
ment changes, and the! five-digit number is an 
identification number unique to each instrument, 
i ■ . ' ■ ^V' ■ ' ■ ' ' 

1-5. All instruments with the same serial prefix 
are the same. The groups of instruments to which 
this manual applies directly are identified on the 
title pagei For instruments with tower serial pre- 
fix numbers than those listed, make manual 
changes listed in Section VII, For instruments 
with higher seriar prefix tiumbers, a Manual 
Changes sheet is included, describing the required 
changes. If a Manual Changes sheet is missing, the 
information can be supplied by any Hewlett- 
Packard Sales and Service office (see list at rear 
of manual). 

1-6. DESCRIPTION 

1-7. The HP Model 489A/491C is a broadband 
linear amplifier that provides signal amplification 
of at least 30 dB, The Model 489A covers the 1 
to 2 GHz range; the Model 491C covers the 2 to 
’4 GHz range. Both instruments produce at least' 1 
watt at the output with the application of 1 
milliwatt or less at the input. 



■ ' "i 



1-8. The Model 489A/491C output can V be 
amplitude modulated. Externally supplied modu- 
lation signals are applied to the MOD INPUT jack 
on the front panel. Since the modulation circuit 
is dc coupled,, an external leveler circuit can be 
connected to the MOD INPUT jack to obtain 
relatively flat power output across the band. 

1-9. The instrument requires, no tuning' and is 
particularly useful for signal aniplification 'over a 
broad band of frequencies. The GAIN control is 
the only front panel control. It controls, RF 
amplification and average RF power output. , 

1-10, The traveling- wave amplifier tubes (TVVT’s) 
used in the Model 489A/491C utilize periodic 
permanent magnet focusing. They aie light 
weight, compact, and consume le.ss powerUhan 
previous solenoid focused TWT's. 

1-11. An instrument of one frequency riihge 
may be easily converted to an instrument of 
another frequency range, .since the Mqc(e! 489A/ 
491C are identical except for the traveling wave 
amplifier tube, 

1-12. OPTIONS 

1-13. Model 489A/491C Option 01 has' its RF 
input and output connectors on the rear panel. In 
all other respects, the instrument is the .same as 
the standard Microvyave Amplifier. 

1-14. WARRANTY 

.1 ' . 

1-15. Microwave tubes are warranted to be free 
from manufacturing defects for a period of one . 
year from date of purchase from Hewlett- 
Packard. The conditions of warranty are given in 
the rear of this manual. 
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Model 489A/491C 



Table l-I. SpecificationH 



Frequency , Range: l/.'/'t 

Model 489A: 1 to 2 GHz , 'S ’ ' 

Model 49lfc: 2 to 4 GHz : ' 

Power Output: ^ 

1 watt or greater with I ie\V or less llipiit//i , 
Gain: >, /^/*/ ' '' 

IK) dB or greater with 1 mW or less iiiput. ' 

Gain Variation with Frequency; ' '/■ 

At I watt output; 6 dB or less across the band. 
Small Signal: 12 dB or less across the band; 5 dB 
or less across any 10% of the band. 

Gain Variation with Line Voltage; 

l.O dB iOr le.ss for 10% variation from rated line 
voltage;. I 

Maximum RF Input; ■ 

100 mW ' 

Input/Output Characteristics; 

Impedance; 50 ohm.s. 

SVVR: 2.5:1 or less (cold). 

Connectors: . 

' Type N female. 

Amplitude Modulation; 

Sensitivity' vs Frequency Response: A modulation 
input of *20V peak or greater reduces the RF 
output by more than 20 dB from dc to 50 
kHz. Above 50 kHz, modulation decreases 
approximately H dB per octave. 

Input Impedance: lOOR .shunted >by approxi- 
’ mutely ’50 pF. 

Put.se Response; Less than 1 psec rise and fail 
times. 

Residua) AM; At least <15 dB below modulated 
output. 

Noise: 

. Noise P'igure:. 30 dB or le.s.s. 

NoLse Po^er Output; -10 dBm or les.s. 



Front Panel Control: 

Gain, varies grid voltage on TWT. ! . 

Meter: Monitors cathode current. 

Net Weight: ; , ' ’ , 

40 lb. (18 kg). ' 

Power: . 

,115 or 230 Vac ±10%, 50 to 60 Hz, approxi- 
mately 225 watts. 

Dimensions: 



Accessories Furnished; 

Power Cord, 'iT-l/2 feet long (2290 mm), NFMA 
plug (lEC. approved). Hardware for converting' 
cabinet to EIA-conforming rack mount. 

Accessories Available: 

11501A Cable, type N male to type N female, 6 
ft. long (1830 mm). 

11500A Cable, type N male connectors, 6 ft. long. 
(1830 mm). ■ 
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General Information 



Table J-2, Recommended Test 'Equipment 



Instrument Type 


1 1 

■Critical Specifications ■}" 


Recommended Model 




Oscilloscope 


Bandpass: dc to 1 MHz 
Sensitivity: 0.5V/cm 


. HP: 140A with 1402A/ 

1420A ' 

. 1 , 


P. A.T 


Square Wave Gener- 
ator , 


■Freq. Range: 0,5 kHz to 50 
kHz , 

Square Wave Output: 40. 

Volts peak-to-peak 


HF211B 


P, A,T 

. i 


ACVT.VM 


Range: 5 to 25 mV 
'■ Accuracy: 2% 

Freq. Range: 10 Hz to 1 kHz 
Impedance: 10 megohms ^ 


HP 400E 

■ i • ' / , 


P, A,T 


Signal Generator 

(for Model 

489A only) 


Freq. Range: 1 to 2 GHz . , 
Power Output: 1 mW 
Leveled Output:’ +0.5 dB 


HP8614A 

r 


P, T 


Signal Generator 

(for Model 491C 
only) 


Freq, Range: 1 to 2 GHz 
Power Output: 1 mW 
Leveled Output: +5 dB 


HP 861 6 A 


P, T 


Power Meter 


Range: 0,1 mW to 3W 
Freq, Range: 1 to 4 GHz 
Accuracy: 5% 


HP 434A 


P,T 


Crystal Detector 


Freq, 'Respon.se: 1 to 4 GHz 
Square Law Characteristic: ±1 
dB 

Sensitivity: O.lV/mW 


HP 420B 


P. T 


r 

Fixed Attenuator 
(2 required) 


Attenuation: 20 dB 


HP 8491A Option 20 


P, T 


DC. Power Supply 


Regulated Output: 0 to -20 
Vdc 


HP 721A 


p/r 


DC Digital Volt- 
meter 

< 


Range: 5 to 1000 Vdc 
Accuracy: 1% 

Impedance: 10 Megohm.s 
Floating Input 


HP 3440A with 3443A 


, A. T 


Adjustable Line 

Voltage Trans- 
former 


Range: 103 to 127 Vac ' 


General Radio \V10- 
MT3A or Superior 
Electric UCIM 


A, T 


Clip-on Milliam- 

meter 


Range: 3 mA to 100 mA 
‘Accuracy; 3% ' 


HP 428B 

■ 1 


T 


Noti* 

? “ Pfrformuiico A “ T » TruubIi*shoi)tJn(E 
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Section ii( 
installation 



2-1. !NmAl. INSPECTION 1 

' ' 2-2. , Mechanical Check i 

2-3. If external damage to the shipping carton is 
evident, ask the carrier’s agent to be present 
when the instrument is unpacked. Check the in- 
strument for external damage, such as broken 
' controls or connectors, and dents or scratches on 
the panel surface. Also, check the , cushioning 
material for signs of severe stress. 

2-4. Electircal Check 

2-5. The electrical performance of the Model 
489A/491C should be verified as soon as possible 
upon receipt. Performance Tests suitable for in- 
coming inspection are given in Section IV, PER- 
FORMANCE TESTS. Equipment required for 
performance evaluation is listed iri Table 1-2. 

2-6. Claims for Damage 

2-7. If physical damage is evident, or if the in- 
strument does not meet specifications \vhen re- 
ceived,. notify the carrier and the nearest Hewlett- 
Packard Sales and Service Office (see list at rear 
of manual). Retain the shipping carton and pack- 
ing material for the canier’s inspection. The Sales 
and Service Office will arrange for repair or re- 
placement without waiting for settlement of a 
claim with the carrier, 

2-8. PREPARATION FOR USE 

2-9. Power Requirements 

2-10. 7'he HP Model 489A/491C Microwave 
Amplifier requires a power source of 115 or 230 
Vac ±10%, 48 to 66 Hz, single phase, at approxi- 
mately 225 watts. 

2-11. Selecting 115 or 230 Volt Operation 

2-12. A rear panel two-position slide switch per- 
niits operation from either a 115 or 230 Vac line 
I source. The number visible on the switch indi- 
cates the line voltage to which the instrument 
should be connected. To prepare ' the Model 
489A/491C for operation, position the switch for 
the. line voltage available, and install the appro- 
priate fuse as shown on the rear panel. 



. ■ V ^ ,1 

■ . , ■ . • ■ . . ■■ .i , i 

; CAUTION ' 

To avoid damage to the instrument, set 
' the'^ 115/230 Volt switch to the line 
, voltage available before connecting 
power to the instrument. 

\ V 

2-i13; Three-Conductor Power Cable 

I ' ' V .V SI 

■' ’'is'’ 

2-.U. To i protect operating personnel, the 
National lEU/ctrical Manufacturers Association 
( NEMA) recommends' that the instrument panel 
and cabinet be grounded. All Hewlett-Packard 
instruments are ‘ equipp^ with a three-conductor 
power cable 'wbiich, when plugged into an appro- 
priate receptacle, grounds the instrument. The 
offset pin on the power cable connector is the 
ground pin. The Model 489A/491C employs 
powe^ connectoirj switches, , and safety require- 
ments as recommended by the International Elec- 
trotechnical Coirimission (lEC). To preserve the 
protection feature \/hen using the instrument 
with a two-contact outlet, use a three-prong to 
two-prong adapter (HP Part No. 1251-0048) and 
connect the green pigtail on the adapter to 
ground. ' ’ 

• ■ 'li : ' ' ■ ■■ 

2-15. Operating Ei)vlronment 

2-16. Clearances for ventilation should be three 
to foiir inches at the rear of the 'cabinet, arid two 
t^ three iriches at the sides. The clearances pro- 
vided by the plastic feet in bench stacking are 
sufficient for the top and bottom cabinet sur- 
faces. 

Note ' 

The instrument fan is located on the 
rear panel. Make provisions to insure 
that the instrument obtains sufficient 
air. ■ , ' ‘ 

2-17. Bench Operation 

2-18. The model 489A/491C cabinet, has plastic 
feet and a foldaway tilt stand for bench opera- 
tion. The tilt stand .raises the front of the instru- 
ment, and the plastic feet are shaped to make 
similar-width HP modular instruments self-aligning 
when stacked. 
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Installation 



2-19. Rack Mounting ' , ' I ' 

'2-20. To convert instrument to ri.ck mounting, 
perform the following*. 

a. Remove the trim strips on the sides of 
*the Instrument. The trini strips have an adhesive 
backing, so simply' pry off with a screwdriver. 

j'b. , Remove I the tilt stand by pressing the 
two sides of the tilt stand toward the center of 

the instrument. ' ' 

, r ■' 

C. Remove the five feet on the bottom of 
the Instrument (press button in center of each 
foot' slide toward center of instrument, and re- 
move foot). ' , 

d. Place the rack mounting flanges where 
the trim strips had been, and secure with the 
screws provided. The iarge notch on flange should 
be placed toward the bottom of the instrument. 

2-21. REPACKAGING FOR SHIPMENT 

2-22. Using Original Packaging . 

2-23. Containers and packing materials identical 
to those used by the factory are available through 
your nearest Hewlett-Packard Sales and Service 
Office. If the Model 489A/491C is being returned 
for servicing and repair, attach a tag indicating 



^ Model 489A/491C 

type, of service, return address, and full instru- 
ment serial number. Also, niark the bo.\ 
FRAGILE to assure careful handling. In any cor- 
respondence regarding your instrument, refer lo 
the instrument by its full HP model number, and 
full serial number. 

2-24. Other Packing Materials 

2-25. The following general instructions should 
be used for repackaging with commiircially avail- 
able materials: 

a. Wrap the instrument in heavy paper or 
plastic. (If shipping to a Hewlett-Packard service 
office or center, attach a tag indicating the type 
of service required, return address, full model 
number, and full .serial number.) 

b. Use a strong shipping container. A 
double-wall carton made of 350-pound test 
material is adequate. 

c. . Use enough shock-iib.sorbing material 
(three to four inch layer) around all .sides of the 
instrument to provide firm cushion and prevent 
movement inside the container. Protect the' con- 
trol panel with cardboard. 

d. Seal the .shipping container .securely. 

e. Mark the .shipping container FRAGILE 
to assure careful handing. 
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SECTION III 
; OPERATION 



' ' 3-1. INTRODUCTION 

' >3-2. , The HP Model 489A/491C is a broadband 
I linear amplifier capable of providing .sigiial ampli- 
fication of at least 30 dB. The oiitput of the 
. Microwave Amplifier may be amplitude modu- ; 
' lated using an externally supplied signal. 

3-3. FRONT PANEL FEATURES 

3-4. Front panel features are described .n Figure 
3-1. Description, numbers match the numbers on 
the illustration. 

3-5. OPERATING INSTRUCTIONS 

■ 3-6. Connect the instrument ac line source, 
then proceed, with the following: 

CAUTION 

Never apply RF power to the input 
unless the output is terminated with a 
50 ohm load, or TWT may be damaged. 

a. Set LINE switch to ON, The STANDBY 
lamp should glow, tieuter voltages ar6 applied to 
all tubes in the instrument, and -350 volts is 
supplied to the modulator. Approximately 90 
seconds later, the ON lamp should glow, indicat- 
ing that high voltage is applied to the instrument. 
If the LINE switch is placed in the STANDBY 
position, th^’ STANDBY lamp should glow. 
Heater voltages are applied to all tubes, and -350 
volts is supplied to the modulator. After approxi- 
mately 90 seconds has elapsed, high voltage will 
be applied to the instrument when the LIN 
switch is switched from STANDBY to ON. The 
purpose of the STANDBY position is to turn RF 
power, output “on” or “off” after initial turn-on, 
without v/aiting for the 90 second delay. Due to 
the time- constant of, C102B and R130, a few 
seconds delay from ON to OFF to ON is required 
for the circuitry to recover, 

b. Rotate GAIN control fully clockv;ise. 
With the CATHODE CURRENT meter pointer 
set within RATED POWER limits, a maximum of 
1 milliwatt at the INPUT jack produces a mini- 



mum of i watt at the OUTPUT jack aemss the 
frequency range. Signal gain is at . least 30 dB. A 
constant 1 milliwatt signal across the band at the 
INPUT jack produces at the OUTPUT jack a vari- 
ation of less than 6 dB across the band. 

' Note 

' , ' ' 

‘ If excessive helix current is drawn by 

V, the traveling wave amplifier tube, the 
' joverload relay (K3) will energize, re- 
moving high voltage from the circuit. 

Also, if the filament voltage is too h'gh, 
the fail-safe relay (K304) will energize, 
removing high voltage and filament 
voltage from the circuit. In siicii cases, 
the LINE switch must be switched off, 
then on again. If condition persists, 
remove power from the instrument and 
troubIe.shoot. 

c. Connect Model 489A/491C OUTPUT 
jack to the instrument into which the amplified 
%nal is to be applied. 

d. Apply RF power to the INPUT jack. 
The maximum power that may be applied to the 
INPUT jack is 100 mW. 

3-7. If it is de.sired to modulate the output sig- 
nal, proceed with the following: 

a. Rotate GAIN control for required RF 
output out. 

b. Apply an audio signal to the MOD IN- 
PUT jack. Bandpass for signal inputs up to 10 
volts is dc to 500 kHz; bandpass for signal inputs 
up to 20 volts is dc to 100 kHz. 

CAUTION 

Peak cathode current must not be 
allowed to exceed rai,ed power level. 

3-8. OPERATOR'S MAINTENANCE 

*. I . 

3-9. Fuses 

3-10, Protection for the instrument is provided 
by FI, located on rear panel, A 4 ampere fuse is 
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used fpi' 115 Vac operation; a 2 ampere fiise is 
used lor 230 Vac operation. 



, 3-12. The Model 489A/491C uses the forced-air 
/cooling method for mainlining the desired 
temperature within the instrument. Incoming air 
is filtered through a' specially treated filter at the 
rear of the instrument. The air filter should be 
checked periodically and if, necessary cleaned. It 
should be washed in hot water and detergent to 



r ' 
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.) V 

thoroughly removal all dirt deposits. After filter 
is clean, allow it to dry. Compressed air speeds 
the drying process. 

3-13. Lamp Repalcement 

3-24. The two neon lamps used for indicating 
STANDBY and, ON are HP Part No. 1450-0419. 
Should replacement be necessary, the leads must 
be unsoldered, and then the lamp may be un- 
damped from the front panel. 
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FRONT PANEL FEATURES 



2 3 

\ 




LINE. This three-position switch controls 
power to the instrament. In the STAND- 
BY condition, heater voltage is applied to 
all tubes, and -350 volts is supplied to the 
modulator. In the ON condition, high volt- 
age is applied to the instrument (after ini- 
tial 90 second time delay). , 



5. OUTPUT. The OUTPUT jack should be 
connected to the equipment under test. 



6. GAIN. This control varies the grid voltage 
to the TWT, and thereby controls the 
power output of the mjcrowave amplifier. 



STANDBY. Lamp will glow when LINE 
switch is placed in the STANDBY posi- 
tion. 



CATHODE CURRENT. This meter shows 
the maximum allowable cathode current 
through the TWT. 



ON. Lamp will glow when LINE switch is 
placed in the ON position (after initial 90 
second time delay). 



8. MOD INPUT. A modulation signal may be 
applied here, if desired. 



INPUT. Output of the RF source to be 
amplified should be connected to the IN- 
PUT jack. Maximum input power is ,100 
mW. 



9. Power Line Fuse. A 4 ampere fuse is used 
for 115 Vac operation; a 2 ampere fuse is 
used for 230 Vac operation. 



Figure 3-L Front Panel Features 



am 
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SECTION IV 
PERFORMANCE TESTS 

4-1. INTRODUCTION 

, I * > I ' 

I 

4-2. The procedures outlined in this section 
check the performance of the Model 489A/491C 
Microwave AmpIiHer for incoming inspection, 
periodic evaluation, or after troubleshooting or 
repair. The tests may be performed without 
access to the instrument interior. 

4-3. EQUIPMENT REQUIRED 

4-4. Recommended test equipment is listed in 
Table 1-2. Test instruments other than the ones 



listed may be used if their performance equals or 
exceeds the Critical Ipecifications listed in the 
table. 

4-5. TEST RECORD 

4-6. Table 4-1 is a performance test record. This 
table may be used during the test to record the 
test values obtained. It provides a permanent 
record of the test values for use at a later time 
during calibation or periodic evaluation. 
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4-7. POWER AMPLIFICATION 

I . ■ ■ 

Specification: 

At least 1 watt output within the input of 1 milliwatt or less. 



Model 489A/491C 



Description: 

A low level signal from the signal generator is applied to the INPUT jack, and an amplified signal is 
measured at the OUTPUT jack. 



POVyER METER 




Figure 4'‘1. Power Amplification Test Setup 



Equipment: 

Signal Generator ... HP 8614A/8616A 

Power Meter . HP 434A 

Procedure: 

,1. Connect equipment as shown in Figure 4-1, and set the controls as follows: 

A/icrou>oi;e Amplifier 



line .... . ON 

GAIN . Fully clockwise 



Depressed 

• • • Depressed 

- - - ' Depress^ 

....... 2 GHz for Model 489A 

4 GHz for Model 491C 
Adjust for 0 dBm readi ' on output meter 

000 

Power Meter < 

RANGE 3.0 Watt 

2. Measure RF power output. Indication on power meter should be at least 1 watt (less cable 
loss). V' 



Signal Generator 

LINE ..... 

RF ...... 

ALC ..... 

FREQUENCY 

ALC CAL OUTPUT 
ATTENUATION 
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• PERFO RMANCE TESTS 

4-8. GAIiM CONTROL-POWER ON-OFF RATIO 

Specification: 

Power output change at least 20 dB with TAIN control. 
DescTiption: 



Performance Tests 



OTnMeTbj'ttfrr™ generator is applied to the INPUT jack, aad an amplified signal, 

controlled by the GAIN control is measured at the OUTPUT jack. ^ 



Equipment: 

Same as paragraph 4-7. 

Procedure:' ‘ 

1. Make the same settings as in paragraph 4-7. Record RF 



power output. 






4-9. MODULATOR ON-OFF RATIO 



Specification: 

At least 20 dB gdn control at RF OUTPUT 0 to -20 volts at MOD INPUT. 
Description: 

The application of -20 Vdc to the MOD INPUT jack will decrease the RF i 
uB, ' ^ 



power output at least 20 



POWER MCTER 



SIGNAL GENERATOR 

BH 11=3 ."BT 



DC POWER . 



MICROWAVE AMPLIFIER 
,HP«9A/49tC 









"TT ^ 


U 


oumjr 




•MO MWT ourrur 

f imria a 


1 — rr 




Figure 4-2. Modulator On-Off Ratio Test Setup 



4-3 






Performance Tests Model 489A/491C 

PERFORMANCE TESTS 
4-9. MODULATOR ON-OFF RATIO (Cont.) 



Equipment: 

Signal Generator . HP 8614A/8616A 

Power Meter . . HP 434A 

DC Power Supply . . . . . . . . . . . . , . . . HP 721A 

Procedure: 

1. Connect equipment as shown in Figure 4-1, and set the controls as follows: 

Microwave Amplifier: 

LINE ON 

GAIN - ■ . Fully clockwise 

Signal Generator 

LINE ..... 

RF ...... 

ALC . . . . . 

FREQUENCY 

ALC CAL OUTPUT 
ATTENUATION 

Power Meter 

RANGE .... 

DC Power Supply ■ 

METER RANGE . . , 30 Vdc 

VOLTAGE ADJUST fully counterclockwise 

2. Measure and record RF power output. 

■i ■ ' 

3. Adjust dc power supply for output of -20 Vdc. 

4. Measure and record RF power output. The difference between the two readings should be at 
least 20 dB. 



Depressed 

.Depressed 

Depressed 

. 2 GHz for Model 4 89 A 

4 GHz for Model 491C 
Adjust for 0 dBm reading on output meter 
......... 000 



3.0 Watt 



4-10. MODULATOR SENSITIVITY VS. FREQUENCY RESPONSE 



Specification: 

A modulation input of -20V peak or greater reduces the RF output by more than 20 dB from dc to 
50 kHz. Above 50 kHz, modulation decreases approximately 6 dB per octave. 

•Description: , ' ' 

The application of a r20V peak modulation signal to the MOD INPUT jack will decrease the RF 
power output at least 20 dB. 

') I ■ ' ’ 
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PERFORMANCE TESTS 
4-10. MODULATOR SENSITIVITY Vs. FREQUENCY RESPONSE (Cont.) 
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Figure 4-3. Modubtor Sensitivity vs. Frequency Response Test Setup 



Equipment: 

Signal Generator . . . . 

Square Wave Generator . . , 

Oscilloscope .. . 

20 dB Fixed Attenuator (2 required) 
Crysta) Detector ... 

Procedure: 



HP 8614A/8616A 

HP 211B 

.HP 140A with 1402A and 1420A Plug-Ins 

HP 8419A, Option 20 

' ' ' . . . . HP 420B 



1. Connect equipment as shown in Figure 4-3 and set the controls as follows: 



. Microwave Amplifier 

line . . . . . 
gain . . . . . 

Signal Generator 

line ..... 

RF ...... 

ALC 

FREQUENCY ! 

ALC CAL OUTPUT 
ATTENUATION 

Square Wave Generator 
FREQUENCY 
AMPLITUDE . . 

Oscilloscope 



- ON 

Maximum rated power 



* ' * • .Depressed 

■ “. * V* • - . . . . . . .Depressed 

Depressed 

2 GHz for Model 489A 

4 GHz for Model 491C 
Adjust for 0 dBm reading on output meter 

005 



dc to 50 kHz 
. . . -20V 



VERTICAL SENSITIVITY 

TRIGGER SOURCE .IV/div 

SWEEP TIME 

VERTICAL COUPLING .1 ms/div 

• • ■ DC 
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PERFORMANCE TESTS 

4-10. MODULATOR SENSITIVITY Vs. FREQUENCY RESPONSE (Cont.) 

2. Observe the oscilloscope; for a calibration line and set vertical position to convenient location. 

3. Insert another 20 dB Attenuator in series with the output. 



4. Observe the position of the calibration line on oscilloscope and adjust vertical sensitivity to a 

point which establishes a convenient 20 dB reference point. 

6. Apply the -20V square wave signal to the front panel MOD INPUT jack. Observe square wave 
pattern on oscilloscope. Pattern will exceed the 20 dB reference point on the oscilloscope for any 
frequency from dc to 50 kHz. Above 50 kHz, modulation will fall off approximately 6 dB per 
octave. 



4-11. RESIDUAL AM 

Specification: 

At least 45 dB below modulated output. 

Description: . j n. 

A square-wave modulated signal is applied to the INPUT jack, and residual AM is measured at the 

OUTPUT jack. 



SIGNAL GENERATOR 



MICROWAVE AMPLIFIER 
HP4S9A/49IC 



AC VTVM 



^ uc=» lisb (T 






OUTWf ' 

? 


• imrij 


OUTPUT 

4- 




L_J 


L 






r ° 



. 20 dB CRYSTAL 
ATTENUATOR DETECTOR 



Figure 4-4. Residual AM Test Setup 



Equipment: 

Signal Generator - HP 8614A/8616A 

AC VTVM '• * ’ ' 

Crystal Detector HP 420B 

20 dB Fixed Attenuator HP 849 lA, Option 20 



Procedure: 

1. Connect equipment as shown in Figure 4-4, and set the controls as follows: 
Microwave Amplifier 

LINE .......: 

GAIN 



. .... ON 
Fully clockwise 
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PERFORMANCE TESTS 



4-11. RESIDUAL AM (Cont.) 



Signal Generator 

LINE . .Depressed 

, - I .Depressed 

.Depressed 

SQ WAVE .Depressed 

FREQUENCY 2 GHz for Model 489A 

' ' 4 GHz for Model 491C 

^ ALC CAL OUTPUT . . . . . ... . . Adjust for 0 dBm reading on output meter 

SQ WAVE FREQ . . . . Approximately 1000 Hz 

ATTENUATION Approximately :1B dB 

ACVTVM 

RANGE '. 100 mV (-20 dB) 



2. Adjust the signal generator ATTENUATION knob for 100 mV reference reading on AC VTVM 
(approximately -18 dB). 

3. Release SQ WAVE button and record the AC VTVM reading. Reading should be less than -55 
dB on AC VTVM. This takes into account the correction factor, of approximately 8 dB for the 
crystal detector. 



4-12. SWR 

specification: 

2.5":1 or less (cold). 

Description: >< ) . 

SWR of the RF input and output circuit is 2.5:1 or better, and normally heed not be checked if 
the instrument meets gain and output power specifications. If it is desired to check the SWR, 
normal SWR measuring techniques (i.e., slotted line or swept frequency reflectometer) may be 
employed. HP Application Note 54 (available from your local Hewlett-Packard Sales and Service 
Office) describes new, improved swept frequency techniques for measurement of SWR, etc. 

Note 

Depending on the TWT manufacturer, the DC resistance of the input and 
output circuits, when measured at the panel jacks from center conductor 
to ground, may measure anywhere between 50 ohms and open circuit. 
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Table 4-1, Performance Test Record 



Hewlett-Packard Model 489A/491C 

Microwave Atnolifier Tpst. PprfnrmpH hv 

Serial Numher Dnfo 


Para 

No. 


1 Test Description 


Minimum 


Actual 


Maximum 


4-7 

4-8 

4-9 

4-10 

4-11 


Power Amplification 

Gain Control-Power On-Off Ratio 

Modulator On-Off Ratio 

Modulator Sensitivity vs. Fre- 
quency Response 

Residual AM 


1 watt 
20 dB 
20 dB 
20 dB 


— 


-55 dB 



} 






< 
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SECTION V 

ADJUSTMENTS 

\ 



I ! ' . : . .1 ■ ' 

5-1. 5NTRODUCTION ^ 

5-2., This section outlines the alignment pro- 
ceditres . to make adjustments to the Mod^l 
489A/491C Micrpwave Amplifier. This procedm'e 
should ' not be performed as routine maintenanci^, 
but should be performed (1) after replacement of a 
part oricbmponent, (2) when the performance tests 
show that the specifications in Table 1-1 cannbt be 
met, or (3) when instructed to do so in the trouble- 



shooting tree. Before attempting any adjusime!'^. 
allow a 30 minute warm-up period. 

5- 3. EQUIPMENT REQUIRED FOR ADJUST- 

MENTS 

6- 4. The test equipment required to perform the 
adjustment procedure is list^ in Table 1-2. Test 
equipment other than that listed may be used, 
providing its performance equals or exceeds the 
Critical Specifications listed in the table. 
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ADJUSTMENTS 

, ' ■" . 

5-5. TWT FILAMENT ADJUSTMENT 



Description: 

While observing the dc digital voltmeter, the TWT filament voltage is adjusted to the value marked on 
the TWT capsule. 




■I 



ADJUSTABLE 
LINE VOLTAGE 
TRANSFORMER 




Figure 5-1. TWT Voltage Adjustments Test Setup 



Equipment: 

AC VTVM HP400E 

DC Digital Voltmeter . .HP 3440A with 3443A Plug-in 

Adjustable Line Voltage Transformer General Radio W10MT3 A or 

Superior Electric UCIM 

I . ' 

Procedure: • 

1. Rotate FILAMENT ADJUST R306 fully clockwise. 

2. Connect dc digital voltmeter positive lead to El-B (brown lead); connect common lead to El-E 
(yellow lead). 

3. Set Model 489A/491C LINE switch to STANDBY. 



4. Set FILAMENT ADJUST R306 for filament voltage marked on the TWT capsule. Recheck it after 
ten minute warmup. 



5. Adjust line voltage from 103 to 127 Vac. The filament voltage should vary less than ±0.1 volt 
from initial value. 
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ADJUSTMENTS 

5-6. TWT COLLECTOR/HELIX ADJUSTMENT 
Description: 

While .observing the dc digital voltmeter, the TWT collector/helix voltage is adjusted to the value 
marked on the TWT capsule. 

Equipment: 

Same as paragraph 5-5. 

Procedure: 

1. Parallel ac VTVM and dc digital voltmeter between El-D (orange lead) and ground. 

2. Set Mode! 489A/491C LINE switch to ON. 

3. Adjust HIGH VOLTAGE ADJUST R37 for collector/helix voltage marked on the TWT capsule. 

4. Adjust ac line voltage from 103 to 127 Vac. The collector/helix voltage should vary less than 

, ±6 volts. Ripple voltage should not exceed 10 mV rms. 

5-7. TWT ANODE ADJUSTMENT 

-Description: 

While o|3serving the dc digits voltmeter, the TWT anode voltage is adjusted to the value marked on 
the TWT capsule. 

Equipment: 

Same as paragraph 5-5. 

Procedure: 

1. Connect TWT anode lead (blue) to El-G. 

2. Parallel ac VTVM and dc digital voltmeter and connect between El-G (blue lead) and ground. 

3. Set CATHODE CURRENT ADJUST R43 for anode voltage marked on the TWT capsule. 

, 4. Vary ac line voltage from 103 to 127 Vac. The anode voltage should vary less than ±5 volts. 
Ripple voltage should not exceed 25 mV rms. 
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ADJUSTMENTS 




5-8. -350 VOLT ADJUSTMENT 



Description: 

While observing the dc digital voltmeter, the -350 volt power supply is adjusted for the proper 
value. 

Equipinent: 

Same as paragraph 5-5. 

i, , 

^^''■'■■.’v^occdurer 

> 1. Set Model 489 A/491C LINE switch to ON. 

2. Parallel ac VTVM ,and dc digital voltmeter and connect between R118 — R124 junction and 
ground. 

3. Set -350 VOLT ADJUST R108 to -350 volts. 



4. Vary ac line voltage from 103 to 127 Vac. The -350 volt power supply should vary less than ±3 
volts. Ripple voltage should not excteed 10 mV rms. 




5-9. TWIT GRID VOLTAGE ADJUSTMENT 



Description: 

While observing the dc digital voltmeter, the TWT grid voltage is adjusted to the value marked on 
the TWT capsule. 

Equipment : ' 

Same as paragraph’ 5-5. 

Procedure: 

1. Parallel ac VTVM and dc digital voltmeter and connect between El-F (green lead) and El-E 
(yellow lead). 

2. Rotate GAIN control fully clockwise. 



3. Set GAIN LIMIT CONTROL R121 to the grid voltage marked on the TWT capsule. 

4. ‘ Vary ac line, voltage from 103 to 127 Vac. The grid voltage should vary less than ±2 volts. 
Ripple voltage should not exceed 10 mV rms. 
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ADJUSTMENTS 



5-10. SQUARE-WAVE RESPONSE ADJUSTMENT 

Description: 

With the application of a square wave signal to the MOD INPUT jack> the oscilloscope will display 
the response at the grid of the TWT. 





Figure 5-2. Square-Wave Response Test Setup 

Equipment: 

Square-Wave Generator ........ ... ... HP 21 IB 

Oscilloscope . . . . . . . . HP 140A with 1402A and 1420A Plug-ins 



Procedure: 

1. Connect oscilloscope probe to El-F (green lead). 



2. Rotate GAIN control fully clockwise. 



3. Set squdre-wave generator frequency to 10 kHz and adjust square-wave generator amplitude for 
modulator output of 10 volts peak-to-peak. 

4. Adjust FREQUENCY ADJUST C108 and Clll for optimum square wave output. Ri.se time 
should be less than 0.8 /nsec. Overshoot should be less, than 5%. 

5. Set square-wave generator frequency to 1 kHz. and increase its signal amplitude to produce a 
100 volt peak-to-peak signal at the grid of the TWT. Rise time should be less than 10 Msec. Over- 
shoot should be less than 5%. 
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ADJUSTMENTS 

It • ' • ' 

5-11. CATHODE CURRENT METER ADJUSTMENT 

Description: 

With the LINE switch in the ON position, and the , GAIN control fully clockwise, adjust the 
CATHODE CURRENT METER ADJUST for a meter reading within RATED POWER limits. 

Equipment: 

None. • , 

Procedure: 

1. Perform adjustments in paragraphs 5-5 through 5-10 in sequence prior to making this adjust- 
ment. 



2. Set LINE switch to ON. 

3. Rotate GAIN control fully..ulockwise. 

4. Adjust METER SENSITIVITY R205 for a meter reading between the RATED POWER lines. 
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SECTION IV 
REPLACEABLE PARTS 



6-1. INTRODUCTION 

6-2. This section contains information for order- 
ing replacMble parts. Tabls 6-1 gives the mean- 
ings of the abbreviations and reference desig- 
nations used in the table of replaceable parts. 

6-3. Table 6-2 is’ the table of replaceable parts 
and is organized as follows: 

a. Electrical assemblies and their com- 
ponent parts in alpha-numerical order by ref- 
erence designation. 

b. Chassis parts in, alpha-numerical order, by 
reference designation. 

c. Miscellaneous parts. 

d. Illustrated parts breakdowns^ ; if appro- 
priate. 

6-4. The information given for each part consits 
of: 

a. The Hewlett-Packard part number. 



b. Total quantity (TQ) in the instrument. 
Total quantity for each part is given only once — 
at the Rrst appearance of the part number. 

c. Description of the part. 

d. Tyjaical manufacturer of the part, in a 
five-digit code. 

e. The manufacturer's number for the part. 

6-5. Table 6-3 contains the names and addresses 
that correspond to the manufacturer's code 
numbers. 

6-6. ORDERING INFORMATION 

6-7. To order a part listed in the replaceable 
parts table, quote the Hewlett-Packard part 
number, indicate the quantity recluired, and 
address the order, to the nearest, Hewlett-Packard 
office. 

6-8. To order a part that is. not listed in the 
replaceable parts table, include the instrument 
model number, instrument serial number, the 
description and function of the part, and the 
number of parts required. Address the order to 
thp nearest Hewlett-Packard office. ' 
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Table 6-2. Reference Designators and Abbreuiations 



REFERENCE DESIGNATORS 



A 


“ assembly 


F 


“ fuse ' 


P 


» plug 


V 


B 1 


“ motor 


FL 


- Filter 


Q 


" transistor 




BT 


B battery 


J 


“ jack 


R 


« resistor 




C 


" capacitor 


K 


• relay 


RT 


“ thermistor 


VR 


CP 


“■ coupler 


L 


B inductor 


S 


B suUch 




CR 


B diode 


LS 


B loud speaker ' 


T 


B transformer 


W 


DL 


B delay line 


M 


“ meter 


TB 


B terminal board 


X 


PS 


B device signaling (lump) 


MK 


B microphone 


TP 


B test point 


Y 


E 


B mise electronic port 


MP 


• mechanical port 


U 


B integrated circuit 


Z 



vacuum tube, 

neon bulb, 

photocell, etc. 

voltage 

regulator 

cable 

socket 

crystal 

tuned cavity, 

network 



ABBREVIATIONS 



A • amperes 

AFC “ automatic frequency 

control 

AMPL ^ amplifier 

BFO “ beat frequency osclUa- 

. , tor 

BE JCIT » beryllium copper 

BH V binder head 

BP “ bandpass 

BBS > brass 

BWO o backward wave oscUla- 
tor 

CCW • counterclockwise ' 

CER » ceramic 

CMO ' “ cabinet mount only 
COEF “ coefficient 
COM « common 
COMP = composition 
COMPL ■> complete 
CONN “ connector 
CP “ cadmium plate 

CRT " cathode>ruy tube 

CW » clockwise 

DEPC ” deposited carbon 

DR “ drive 

ELECT » electrolytic 
ENCAP “ encapsulated 
F.XT » external 

F " farads 

Fll > fijtt head 
FILH > Fillister head 
KXD " fixed 

G » RigaUO^l 

GE . ■ germanium 

CL ' . ' « glass 
GRD , « groqTid(cd) 



LK 

LIN 

LK WASH 

LOG 

LPF 

M 

MEG 

MET FLM 

MET OX 

MFR 

Mllr 

MINAT 

MOM 

MOS 



“ henries 
« hardware 
B hexagon.'d 
“ mercury 
■> hour(s) 

■ Herts 

B intermediate freq 

■ impregnated 

■ incandescent 
B includc(i) 

B insuIntlon(cd> 

• internal 

• kilo * iooo 

B left blind 
“ linear taper 
B lock wu^cr 
B logarithmic taper 
“ low pass filter 

B milli " 10'3 
“ meg“ 10*5 
“ metal film 
“ metallic oxide 
B manufacturer 
B mega Herts 
B miniature 
» momentary 
“ metallred ' 
substrate 
B mounting 
“ “mylar'* 

B nunn (10r») 

“ normally closed^ 

B neon 
B nickel plate 



normally open 
nominal 

negative positive 
zero (zero tem- 
perature coef- 
ficient) 

negative- positive- 
negative 

not recommended 
for field re- 
pluce.ncnt 
not separately 
replaceable 



OBD B order by 

description 
OH B oval head 

OX » oxide 



PH BRZ 

niL 

PIV 



' peak 

' printed circuit 
picofarads B 10"^2 
far.ids 

phosphor bronze 
PbUllps 
peak inverse 
voltage 

positive-negative- 

positive 

port of 

pulystrenc 

porceialn 

posltlon(s) 

potentiometer 

peok-to-peok 

point 

peak working volt- 
age 

rectifier 
radio frequency 
round head or 
right hand 



S-B 

SCR 

SE 

SECT 

SEMICON 

SI 

SIL 

SL 

SPG 

SPL 

SST 

SR 

STL 



B rack mount only 
B root-mean square 
B reverse working 
voltage 

* slow-blow 
B screw 

“ selenium 
B scction(s) 

[ B semiconductor 
“ silicon 

* silver 
B slide 
B spring 
B special 

> Stainless steel 
B split ring . 

“ steel 

B tantalum 
" time delay 
“ toggle 
■ thread 
B titanium 
B tolerance 
B trimmer 
B traveling wave 
tube 

B micro “ J0*6 

* variable ' 

» dc working volts 

» with 
“ watts' 

B working inverse 
voltage 
wirewound 
B without 
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Table 6-2. Replaceable Parts 



Reference 

Designation' 


HP Part Numbei 


’ Qty 


A1 


AARA-AIB 


■■■ 


M2 






A9 






AID 






Mil 

AlOO 




■■ 


AlOl 


4t9A*b3C 










AL99 

A2Q0 


AARA-ASE 


■ 


A20I 

A2«« 






AiQO 




1 


bi 

Cl 


3I6Q-G026 


■■ 


cn 




■■ 


C6 


0L9O-0ab« 




C7 






L9 






CIO 


0190-002^ 


2 


cn 


0140-0102 


2 


C12 


0140-0102 




cii 


OnO-0092 


3 


UA 


Q190-OOU 


7 


CI5 


0110-0012 




cu . 


0190-0012 




C17 


0190-0012 




CU 


01IO-009B 


1 


C19 


0190-0012 




C20 






CiOO 

ciai 


0140-0024 




C102 


0190-0012 




C10> 


0190-0092 




ClOA 


0190-0092 




cia» 


0190-0012 




CiOb 


0140-0174 


2 


CIO? 


0140-0194 


1 


ciab 


OiJO-0013 


2 


Ci09 


0140-0013 


1 


CilO 


0190-0029 « 


1 


cm 


0130-0017 


1 


C112 

cm 

C2aa 


0140-0174 






019O-0QB4 






0140-0124 


1 




0140-0041 




CMi 

cm 

cub 


0140-0043 


1 




1901-0029 


1 


cmo 


1901-0030 


10 


cmi 


1901-0030 




CkU 


IVOI-UOSO 




CAU 


lVOt-0030 




CR14 


IVO 1-0030 




CHl» 


1901-0030 




1 


1901-0030 

1 




CA&Ol 


i!9ai-aa3« 




CRI02 


1901-0010 




CHiOA 


1901-0030 




CHIOA 


1901-0 D23 


9 


CblO» 


1901-0029 




CHlOb 


1902-0219 


. 3 


CRIOT 


1901-0012 


a 


CAlOb 


1901-0012 




CRI09 

cmio 


1901-0033 


1 


CM3UQ 

CR30I 


1901-0029 





Description 



AssviHiw yn.MS( power suppiv 

IHRU 

. NUI ASSICRED 
ASSVtRECTIPIER 

THRU 

NOT ASStSNED 

ASSVINOOULATOR 

THRU 

NOI ASSICNED 

Twr TESI SOARD ASSY 

IHRU 

NOI ASSICMO 

asskfuareni reculaior 

FARlIUlEAAIAL JQ^AOCPS 

thru 

Not ASSICNEO 

ciFxo CER 0.1 UP •aa-;a< iddvdcw 

THRU 

NUI A&SICNEO 

CIPAO UECr AOUF AAOVOCW 

CIFAD PAPER AUP 101 lOOOYOeW 
C<PRO PAPER AUP tot iOaOVDCW 
CtPAO CER 0.01 UP 201 AOOVDCW 
CIPRO CER O.Ot UP 201 lOaOVDCH 
CIPRO CER 0.01 UP 20t lOOOVDCW 

ClPRU CER O.Ot UP 201 lOOOVDCW 
CIMO CER D.OI UP 20« loanvocw 
ClPRU ElECr lOUP -IDlPtOOt 21V0CW 
ClPRU CER 0.01 UP 201 lOOOVDCW 

IHRU 

NOT ASSIGNED 
ClPRU EtECI AOUr AIQVDCW 
ClPRU CER 0.01 UP 20« tOOOVOCw 
ClPRU CER 0.01 UP 20E AOOVDCW 
ClPRU CER 0.01 UP 20f AOOVDCW 

ClPRU CER 0.01 UP 20S lOOOVDCW 
ClPRU MICA SAD PP 21 
ClPRU MICA 110 PP 11' 

Cl VAR CER 3-12 PP NPO 
ClPRU HV 0.1 UP 101 AOOVOCW 

ClPRU II 1 PP 101 lOOVDCW 
CIVAR CER 1-lQ PP 
CIPRO HICA lAO PP 21 
THRU 

NUT ASSIGNED 

CtPRD CER D.l UP *00-201 lOOVOCW 
THRU ' 

NUT ASSIGNED 

CtPRD mCT 2B00 UP *10-101 lOVDCW 

CIPRO UECT looup *1001-101 iivocw 



ClPRU ERECT' lOOUP 
THRU 

NUT ASSIGNED 



'101*1001 SVDCW 



OIUDEtSUlCUN 


400 


419 


Oli30E<9UICOH 


400 


PIV 


OlODCsWLtCOb 


400 


PI9 


oiaoetsiucoM 


800 


PIV 


PlOOitSUlCON 


BOO 


PIV 


OKOOf tSUICON 


400 


PIV 


DIOOEkSiLlCOH 


BOO 


PIV 


01006 iSIUCOb 


400 


PIV 


7H4U 






HQI 499IMID 






OIUOfctSiLXCOll 


400 


PIV 


OlOOltSILlCOM 


400 


PIV 


QIODGtStLlCDH 


BOO 


PIV 



OlOOElSaiCUH lOONA/tV 
OlODEtSILICOH lOONA/lV 
DiUDE.DREARDOWNlA.AVV 11 
RECTIPIIHINET 1N20T1 AOOV tOUA 

RECTIPIERIHET 1N20T1 AOOV lOUA 
OlOOEISIklCON lOONA ItOWV 
THRU 

NOT assigned 

DIOOElSILICON lOOHA/lV 



Mfr 

Code 


Mfr Part Number 


erAro 


4495-594 




24440 


; 4495-59* 




24460 


4495-59C 




24440 


4495-51E 




24440 

24440 


4895-590 

3150-0025 




96249 


3JCA18S-C0H 




95249 


032441 




02777 

02T77 

95249 

95249 

95289 


040 

000 

33CI75 

29C2I453 

29C21453 




95249 

95249 

95249 

95249 


29C2I453 

29C2I453 

3009050029004141 

29C21453 




95249 

95249 

95249 

95249 


032441 

29C21451 

3IC175 

13CI75 




95249 

72135 

72115 

20440 

95249 


29C2I453 
«D'4t9F95l(i3S 
R0H19PIUJ3C 
ono-0013 
i50P|0494-P^0 ' 




74444 

24440 

72136 


TVPE 05 

OUO-orU7 

RDl4k9P55trpi: 




95249 


MCAIBA-Cmt 




96249 

45249 


039714 DFP 
3f>197Cai9f)I»4 




95289 


sdoAnrcnomHAHi 




24440 

20440 


1901-0029 ’ 

1901-0030 




244H0 

20440 

24400 

24440 

24440 


1901-0030 

1901-0010 

1901-0030 

1901-0030 

1901-0010 




20440 


1901-0030 




24440 

20400 


1901-0030 

1901-0030 




20400 

07253 

07263 

20400 

01299 


1901- 0030 
fO 2.347 
PD 2307 

1902- 0219 
192071 




01299 

07253 


IbZOl^l 

P03359 




07263 


FD 2147 






— 1 



See Intruduetion to thlsReclion tor ordering information 















RipiKtabie Parts 



Model 489A/491C 



(I 



Table 6-2. Replaceable Parts (Cont.) 



Reference 

Designation 


HP Part Number 


Qty 


Description 


Mfr 

Code 


Mfr Part Number 




’ i«at-«osa 


2 


DIOOCimiCOM IN3209 


04TL1 


1N3209 


CRIOI 


1901-0012 




OlOOCtSIUCOM IN32Q9 


06713 


lN3?n9 




iwa-oat* 


1 


DIODE ttMAH0QUNt9.S39 5t U5W 


26680 


1902-0218 


CHi05 


1902-0215 




OIOOE»1MAAOQUNS6.499 91 


264 BO 


1902-0219 


CHiO^ 


1901-0021 




OlOOCtSILICOM lOQHA/U 


07243 


FD 23A7 


CJlltT 


itoi-eoas 




OlOMtSILICOM lOONO/lV 


07263 


FO 2367 


UliOt 


t«oa-aat» 




PtOOe.SR2*KOOMM>4.*90 31 


ZH4B0 


1902-0219 


DU ' 


U50-09I9 


2 


I'lOHftlMlCAlOH lELECIED NE-2H 


2B4no 


1490-0419 


0S2 


USO-OMO 




LIOHlIIMICAlOH SEIklCTID NE-2H 


264B0 


1490-0419 


ki 


Q310-001Y 


1 


BOAlOfel rERHINlL 


n7B5 


394-16-00-001 


1 


aiio-oos) 


1 


EUSESCAHIHIUCE 4 AHP 2909 


79919 


312006 


fl 






IEOH 1199 UPERiriUN) 






l»L 


2UO-OOQ2 


t 


lUSEtCAHlHlOOE 2 AHP 3 1C 


79915 


M2. 002 


H 






IPUK 2309 OPERiriUN) . 






Jl 


1290-0099 


2 


CUNNECrURtHF REAR PANEL HUUHr JACK 


91737 


rnn-9 


41 


)290-0099 




CONNECTOHlHP REAR PANEL HOIMT JACK 


91717 


7716-9 


4i 


i2si>jjsr 


1 


Saci<2ls3-I>IH N4U OOlteR RECEPr*Ct.E 


62369 


FAC-301 


JlOO 






HUf ASSICHEO 






4101 


I290-00«l> 


1 


COHNECfOHUNC 


07660 


31-221-1029 


Ml 


0490-0033 


1 


RELRVITIM 0UR1 SR37 


284n0 


(jAOO-0919 


U 


0990-0746 


1 


RILAVtDPOr 


TQS09 


T299-CC-6V 


kz 


0490-0190 


t 


RttRViRETRIMR POR '2 PORM C RELRT 


70304 


10040-4 


kZ 


0490-0151 


1 


RELAVKSKKET FOR 2 POLE RELAY 


24796 


All-t H/n RFTAUEI 


K4 


0490-0010 


1 


MURVsSPDI II3VRC 0.23 RHP 


77142 


5M-4107 spf:iai 


K4 


■" 




MOT RS3ICHEO 








0490-0124 


1 


RELAVt3POr 


77342 


HA14AY 


K* 






IHRU 






AMJ 






NOl ASSIGNED 






lUUV 


0490-0011 


1 


AELAVtOPOf 5 AHP HESISTI9E 


TB27T 


90F2-4-AC 


Ml 






THRU 






H20<] 






NOr ASSIGNED 






H201 


tuo-gm 


1 


HtTER: 1 MA 


HARD 




Ql 




■ 


THRU 






DlOO 






NOT ASSIGNED 






QIOI .. 


U94-0001 


1 


fSfltSl NPNISELECIED FlOH 2NIT1U 


264R0 


1894-0003 


cioa 






THRU 






U3Q0 






HOI AS3ICME0 






OiOl 


1490-0019 


. » 


tstrkce pnp 


86664 


1690-0036 


UiOZ ... 


U90-002i 


2 


TSTRiGfi PNP 


60L3L 


2N441 


03QJ 


1190-0021 




7STNtGE PNP 


80131 


2N44I 1 


ki 


0697-1331 




RIFXO COHP 33K OHH lOt 1/2N 


GU21 


E6 3.111 


R4 


0617-3331 




HtFXO COHP 33K OHH 101 t/ZH 


0IL2I 


F6 33)1 


HJ 


1 




THRU 












NUT ASSIGNED 






HID 


0693-1021 




RlFAO COHP 1000 OHH IQl ZH 


0U2I 


HR 1021 


HU 


0690-1041 




RtMO COHP lOOR OHH 101 IH 


OltZI 


G6 1041 


HI2 


0913-0020 




RtFHD kU LOO OHH tOl 9H 


28460 


0613-0020 


flU 


0692-4745 




RtPHD COHP 470K OHH 91 2H 


Otl2t 


M6 4749 


MU 


0692-6145 




RIF AD COHP 670K OHH 91 2W 


01121 


H6 4749 


HU 


0ft«2-4T4g 




RtPHO COHP 670K OHH 91 2H 


01121 


HR 4749 


HU 


0692-6745 




HIFKO COHP 670K OHH 51 2H 


01121 


HB 4749 


H17 


0692-6745 




RiPXO COHP 470K OHH 51 2H 


ni 121 


H6 4749 


HU 


0692-6745 




RtFXD COMP 470K OHH 91 2H 


{UI2L 


H6 4749 


HU 


0690*1011 




R»FXO COHP too OHH LOl lU 


nim 


G6 toil 


H40 


0690-1011 




RIPXD COHP 100 OHH iQl Xk 


'0II7I 


G6 lOU 


H2l 


0617-1051 


2 


RIPAD COHP 1 HECOHH lOl L/2H 


01121 


€6 1091 


H22 


06H7-1021 


2 


RiFND CUHP LOCO OHH LOl L/2W 




FO 1021 


H23 


0619-5115 




RiFXO COMP 510 OHH 51 Ik 


QU2I 


G6 5119 


Hi« 


0619-5115 




RtPAD COHP 5L0 OHH 31 Ik 


01121 


C8 5119 


H4!l 


0617-1021 




RtPXO COMP 1000 UKH tOl iy2H 


01121 


F6 1021 


H26 


0617-1011 




RIPXO COHP 100 OHH 101 1/ZH 




EB loll 


H47 


0617-1541 




RtFAU COHP 150K OHH lOX 1/2H 


01121 


F6 1541 


H29 


0617-1261 




RtFXD COHP L20K QHH 101 t/ZH 


01121 


FB 1741 


H29 


0691-3565 




RIPRO NET PLN 9aaR 0>M t.OI I/2H ' 




0690-3545 


H30 


OTgr-oua 




HIPXD NEI PAN l.t MICOMH 21 I/2W 


28460 


0757-0139 


Hn 


0757-0059 




RIPXO MET PIN 1 MECOHM If W2M 




0797-0099 


H32.' 


075T-QU52 




RIPXD NET PIN SOOK OHM II 1/2M 




0757-0092 


H33 


0690-4761 




RIFKD COHP 67QK OHH 101 IH 


01121 


C6 4741 


kSh 


ObHT-kOM 




RiFXO CUHP 1 HE60HH 101 I/2H 


OllPt 


F6 1091 


H35 


0493-31*1 




RiFXO COHP 330M QHH 101 2H 


01121 


HB 3341 


,HJ& 


. Q151-0353 




RIPXU met pin 249X OHM 1.01 1/2H 




0797-0353 


Hif 


2100-0100 




RtVAR COHP 3,5 HECOHH 301 LiN 1/4H 




2100-0100 


H3H 


U*9a-3*s» 


I 


RtPPQ Mil PLM 3I6K OHN It I7RH 




0696-3457 




0137-0133 


3 


RIFXO net FiH 604R OHH It 1/2M 




0757-0155 




0757-0155 


■■ 


RiFXO HIT FLH 604M OHH tl 1/2H 


28460 


0797-0159 



introductlun to this section for ordering Informntion 











Modtl 489A/491C 



Replaceable Parts 



Reference 

Designation 



HP Part Number 








QT)o>aiio 

aisr-OM* 



OTST-OMS 



0*f0-t04k 

Mt0-»I04I 

04ti«l0}| 

o7»r-om 

2IOO«aO«4 

OfS7-OW 

644VI2)! 

04i7*47Jl 

OM7-12n 

0441-ftUI 

0«90»104l 
0491-2 7J1 
0491-1711 
0491-mi 
0727-0291 

0717-M70 

2100-0041 

2100^144 

0717-0M7 

0710-0091 

0490-1170 

0717-0010 

0771-0010 

0771-0010 

0407-1121 

0417-4741' 

0414-4141 



071T-Q119 

0717-0119 

0727-0041 

2100-1747 



0447-1401 

0417-4401 

0417-1911 

0112-0019 

0112-0019 

21C0-01QI 

0114-0011 

0119-0017 

1101-0041 

1101-1372 

9100-0111 

9100-0219 

1921-0041 

1921-0041 

1940-0004 

1911- 0004 
1921-0010 
1921-0041 

1912- 0014 OR 



1912-0020 OR 









Table 6-2. Replaceable Parts (Cont) 



Description 



MMO C0M9 2700 OHM IQt I/2H 
lAcroRv sfLCcrfo iiir 
. KIFHO Mf? liM lid it OHM U 1/2H 
9ACT0JIV SELICliO PAR? 

RUM COMP 1*1 MEODHM 101 IIH 1/4H 

RtPRD DIPC 1*41 MEGOHM It lU 
RIPRO Ml? PIM 4I1M OHM It I/2U 
PACIORV SEtECTEO PART 
AlPRD MET PiM 149R OHM 11 1/2H 
RIPAD COMP 94A OHM |0t I^JH 

THRU 

NO? ASSICMED 
RIMO COMP 47 OHM lOi IH 
RtPAD COMP loot OHM lOt U 
Rip AO COMP loot OHM lot IM 

RIPAD comp 4701 OHM 101 2H 
RIPAO COMP lOR OHM 101 2U 
RIPAO COMP IQM OHM IQt 2 H 
RIPAO met PIM 40AR OHM U 1/29 
RIVAR COMP 90R OHN )0t LIM 1/lW 

HIPAO ME? PIM 2494 OHM l.Ot 1/2H 
RIPAD COMP 12M OHM lot 2U 
RIPAO COMP 47K OHM lOt 1/2M 
RiPAD COMP 12A OHM lOt 1/2W 
RIPAO COMP 41A OHM |0f 2H 

RIPAO COMP lOOR OHM lOt N 
HIPAO COMP 27M OHM IQI 2H 
RIPAO COMP 27A OHM lOt 2H 
RIPAO COMP HR OHM 101 2 H 
RiPAD OPPC 1.4 MEGOHM It 1/2H 

UPAD MET PLN 121A OHM It 1/2H 
A19AR COMP 900M OHM 101 LIM 2W 
RtVAR COMP 290R OHM IQt UM 1/94 
nimo Rtf PLM lODA OHM it 1/24 
RlPXO OEPC 9I6K OHM It 14 

HIPAO M|7 PLM 7.94R OHM l.Ot 1/24 
RlPXO ME? PLN 1 MEGOHM It 1/24 
RiPAD ME? PLN RlX OHM It 14 
RlPXO ME7 PLN HR OHM It l4 
RlPXO COMP 1900 OHM lOt 1/24 

RlPXO COMP 47QR OHM lOt 1/24 
RlPXO COMP 4iOR OHN If 1/24 
THRU ‘ 

MOT ASSIGNED 

RlPXO OEPC 100 OHN It 1/24 

RlPXO MET PLM 1000 OHM 111/24 
RIPAD ME? PLN 1000 OHM It 1/24 
RlPXO DIPC 100 OHM It 1/24 
RiVAR 44 10 OHM It TVPI H 14 
THRU 

MOT ASSIGNED 

RlPXO COMP 94 OHM lOt 1/24 
RlPXO COMP 44 OHM lOt 1/24 
RlPXO COMP 190 OHM lOt 1/24 
RlPXO 44 0.11 OHM 91 14 

RlPXO 44 0.11 OHM 9t 34 
RIVAR 44 20HM lOt LlM 94 
RIPAD 44 90 OHM lOt 104 
rHfRMiSTORl 250 OHM lot 
SHIICHITOGGLE DPSI 

S4I7CHISL.1DE 

TRAMSPONNERiPOHER 

TRANSPORMERIPOHER 

ELCC7R0M TURfi 4064 SEAM PENTODE 

ELECTRON TU4EI 4064 4EAM PEN700E 

ELECTRON rUIEt 0A2 VOLTAGE REGULATOR 
ELECTRON lUSEl 4US OR 6U4A TRIOOE PENT 
ELEC1R0N TU4fll2S4A 
ELECTRON TUOBl 6EM6 PENTODE 
ELECTRON TU4ElT4T 1*0 TO 2.D T46268GC 

IAR9A ONiVI 

ELECTRON fU4llT4T 1-2GH2 14 
I649A ONLVI 

ELECTRON TUSEtTMT 1-2 GH2 14 
I649A ONLY? 



Mfr 

Code 


Mfi; Part Number 


01121 


ER 2721 


2 R 4 B 0 


0798-0060 


24400 


2100-0100 


2 B 4 BQ 


07 . 30-0110 


204 BO 


OT 97 -OB 69 , 


2 B 4 B 0 


0797 - 0 R 69 


01121 


PR 9631 


01121 


I CR 4701 


01121 


GR 1041 


01121 


CR 1041 


R I 


HR 4741 




MR 1031 


R ' 


Hft ton ’ 1 


R * ’ 


0797-0199 : 




2100-0094 


2 B 4 B 0 


0797-0393 


DU 21 


HR 42)1 


01121 


PR 4731 


01121 


FB 1231 


01121 


MR 6031 


01121 


CB 1041 


01121 


'hr. 2?n 


01121 


HR 2731 


01121 


HR 1931 


2 S 4 BQ 


0727-0799 


2 B 4 BQ 


0797-0470 


2 B 4 B 0 


2100-0043 


2 B 4 BO 


2100-0144 


2 B 4 B 0 


0797-0367 


2 B 440 


0710-0093 


244 B 0 


069 R -3970 


2 B 4 B 0 

78410 

2 B 4 B 0 

01121 


. 0797-0099 
0771-0010 
0773-0010 
EB 1921 



PR 6T6I 
PR 6049 



0797-0199 

0797-0199 

0727-0041 

2100-1767 



E 4 9601 
ER 6401 
ER 3911 
0412-0019 

0412-0019 
2100-0304 
0 R 16 -Q 0 t 9 
10 791 
49064370 

1101 - 177 ? 

9100-0193 

9100-0299 

HQ 6 R 

4064 

0 A 2 

bua 

I2H4A 

6EU6 

1992-0014 



See tntruituctlon tu this section for ordering Informutlun 



6-5 






















Riplacaable Parts MoM 489A/491C 



Table 6-2. Replaceable Parts (Cont.) 



Reference 

Designation 


HP Part Number 


Qty 


Description 


Mfr 

Code 


Mfr Part Number 




i«s2-aots DA 


1 


CLIC1RDN tUBfITWT 2.0 4.0 DC 


2B4B0 


1992-0015 




’ 




U91C ONLYl 








19S2-0021 OR 


i 


ELtCIRON TUUtlur 2-4 CH2 lU 


9R34I 


NA 2341 


V7 


1492-0070 




I491C DNEV) 






V7 


1 


ELECIRDN TUREirtir 2-4 SHI IH 


2B4BQ 


1992-0030 


« 






I491C 0NI.9I ' 








t9ai-o'.*o 




ELECTRON TUUU2R4* 


331TS 


I2B4A 








THRU 






VIQO 


- 




HOT ASSIMEO 






ViOi } 


1917-0005 


1 


ELECTRON TUBEiElE TTT4 TRtOOE-KNTODE 


05277 


7134 


V102 


19AO-QOOI 


1 


liECTRON rUKiOa2 


mm 


OB? 


VIOS 


1911-0004 




ELECTRON TUREt EUR DR RUB* TRIOOE RENT 




BUB' 


VIOg 


1921-000 




ELECTRON lUREi 6EN4 RENTOOE 


KuZfl 


4EW4 


Ml ' 


MI2Q-Glt9 




CRRLEIELECT I4t 22 *HE SHIELDEO 




HI20-0IB9 


Ml 






IKIUDES M AMO P2 




• 


MAI 






CONNECTOR! IR PIN 


2B480 


12SI-DIA0 


XM 


■ 




TMkU 






MAIOO 






no? AlStCNED 






MA191 


1251-OlAO 




C0MlEC?0Rtt9 PIN 


2B4B0 


1251-0160 


MM 


1400-0004 


1 


FUSEHCLDERiER TRACTOR ROST TYRE 


79915 


342014 


Xdloi 


1200-0044 


1 


SOCRET^TRANSISTDR 


47444 


MTIPBI 




, 




MISCELLANEDUl 




' 




499A-12H 


. 1 


MOUNTS fMf 


2B4B0 


4B9A-I2H 




4A9A-12I 


1 


HOUNTlTM? 


2B4B0 


4B9A-I2r . 




4H9A-12L . 


1 


AETAIMERlElECTRON TUBE 


2B4B0 


4B9A-121 






1 


retatnerielectrun tube 


2B4B0 


4B9A-t2M 




4S9A-140 




CABLE ASSVIRFIINCL JT) 


2B4B0 


4B9A-160 




409A-lbe' 




CABLE ASSVIRRIINCL J2I 


2B4B0 


4B9A-16E 




4B9A-41A 




RLAIEIIDENTIRICATI0NI489AT 


2B4B0 


4B9A-43A 




0110-0024 




RNOBIBLK M/ARROM 3/4* 00 t/B*. SMART 


2B4I0 


0370-0026 ' 




i.m-0119 




CONNECTORlBOOV IS RIN 


2B480 


1291-0135 




1150-0014 


t 


AIR RLI3 S/B * 1 U/LR R 1/2 


•2B44 


loiir 




1120-1340 


1 


carle ASSViROHER. OETACHASLI 


70903 


KHS-T041 








CABINET RANTS 








1490-0010 




STAMOSIUT 




1440-0010 




sg*o-022a . 




HANDLE ASSYISH SIDE 




9040-0222 




»OkO-OT4a 




TOP COVEM AllVlUi PM 


VTTTj'^H 


9040-0740 




sa»o-ona 




BOTTOM CQVIII ASSVtiAi PM 


■TTTT^I 


5040-0792 




9040-0147 




poor ASSY 1 PM 




9040-0747 


f 


soM-om 


t 


Bt?t5 H RACt MOUMT • 

f ' ' ■ , ' 

.1 


2B41D 


5040-0779 



See introduction to this section for ordering informutlon 
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Model 489A/491C 



Replaceable Parts 



. Table 6’3. Code List of Manufacturers 

ThL» followtnic codo rtumhprn urc frym the FederuJ'Suppiy Cnde itip Mumifiiciuri'rH Cutaloititift JhimiliiiukH ll-l-I (Namif in Cmli'l unit IH,*2 ICnHi* 
to Name) amt (heir lateHi eupplemontB. Thu date ol nivlHitm and the date nl the HopplemifMls UHed appear at the Uilimn i»l ciu ti \u\n‘. Alpha > 
bettcut coded have been urbUrurtly aMHtKT)L'd to KuppllurH niM appearlnp in Iho 114 llaiHllKinkH. ' 



Manufacturer 



Manufacturiir 



ManulariiinT 



U.H, ACommnn lAny mippUer of U.S. 

McCoy EluctrontcK* • »Mount Hotly SprInitH, Pu. 
Safie Elortronica Corp. . • > . norhefHer> N. Y. 

CemcOf tnc. • • ■ DanletmiriiConii. 

HumWtul . . Colton* Cain. 



MJetron^ Cf>.» Inc Valley Slream* N.V. 

Oarlock Inc, .Cherry HHI* N,.J, 

Acrovoji Corp < , . , , , New Dcdlurd,MaH«, 

Amp. Inc. ..... ♦ . ..... llarrlHburp. Pa. 

Aircraft Radio Corp,. HoonUm, N.J. 

Croven, Ltd . .Whitby* Ontario* Canada 

Northern Bniiinuerlitg 

LaboratorivH, Irnr. .Rurlinttiim, Win, 

Saniiamo Elect rtr Co. , 

Plckend Dlv. . .Pickens, S. C. 

Coo Eniflnocrlnt; Co. > . . .(!!ltyot Industry* Cal. 

Carl £. ItolmoH Corp. ..... Los Aofteled* Cal. 

Mlcrolab Inc Llvliikston, N..I . 

General Electric Co. , 

Capacitor Dt*pt Hudson Falls* N. Y. 

Aldcn ProductH Co Hrorhton.Mass. 

Allen Proilley Co.. ........ .Milwaukee *WJs. 

Litton Industries, Inc Uevurly HlUs* Cal, 

TRW Semlconduelors.liic. . . . , Lawndale* Cal. 
Texud tnHtrumeals, Inc. , 

Transistor Prwlucts Dlv. .... , DiU las, Texas 

The Alliance M|^. Co AlJiunce, Ohio . 

Small Parts Inc. Lon Anpelcs* Cal. 

Paciric Relays, Inn. Van Nuys, Cal. 

Cudebrod Dnm. Silk Co. .... .New York* N.Y, 
Ameroch Oorp. Rockford . 111. 

Pulse EnttlneerlMk Co . . . Santa Clara* Cal* 
Ferrojtcube Corp. of 

America . n . • . . . ..... .'.SauHertles, N.Y. 

Whoelock SlKnulH.Inc. Lonfi Uranch, N..1. 

Cole Rubber and Plastics Inc . .Sunnyvale* Cal. . 
Amphenol -Dort; Elecinmics 

Carp .DriMdvlew, HI. 

Radio Corp. ol America, Semi- 
conductor and Materials 

Division .Somerville* N..1. 

Vocultne Co. of America, 

Inc. . . . I I , . Old Utybrook* Conn. 

Hopkins En^tlnoerlriKCo. . . .S:in Ferruimio* Cal. 

Hudson Tool ft Die Newark*N..l . 

Nylon Moldtntt Corp. * ...... .S^)rltutfleld,N..T. 

G. E. SomlcomluetorPrisI, 

Dept . , . , .Syracuse* N. Y. 

Apex Machine ft Tool Co. Dayton, Ohio 

Eldema Corp. . , Compton* Cuilf. 

Parker Seal Co Lns Ahitel^s. Cal. 

Tranuitrun Electric Corp. . . .Wakeiliild* Masd. 
Pyrufllm IteSlslnr Co. * 

Inu. .............. .Cislar Knolls* N.J. 

Slntter Co. * DIebI Dlv, , 

Flnderne Planl . . * Sumerville, N.,1. 

Arrow* Harl and Heitoman 
Elect, Co. ...... 4 .... . .’Hartford* Cimn. 

Taruufl Corp, LamhertVllle, N..1. 

Arco Eluctrotdc Inc Great Neck* N.Y. 

Essex Wire. .Los Anaeles, CaJ. 

Hl-Q Division of Aerovox. .Myrtle Deaeh* S, C. 
Proclsiun Paper Tubi' Co. ..... Wlieelln«, III 
Palo Ali^ i)lvtslon of Hewlett* 

Packard C’> J>;HoAJto* Cal. 

Sylvanlii Eleelrle Prixtecls, 

Microwave Device Dlv, . .MounUHii View,' Cal. 

Daltolu Enitr, Ine . Culver Cily* Cal. 

Mulorolu flic, Bemlconduclor 

Prod, Dlv Phoenix, Arizona 

Flltron Co, ,hc. Western 

Dlv Culver CHy, Cal. 

Automatic Electric Co. N(»rlhlake, 111. 

Si^quDlu Wire Co, ....... Hedw(MKl CHy, Cal. 

Precision Coll Spring Co El Monte, Cal. 

P.M. Motor Company. . ... . .Weslehesler, HI 
Cumjmnent Mfn. Service 

, , . . W. nrUhjewiiler. Masa 

Twentieth Cenlury Plastics, 

Inc. ...... . LimAnaeies, Cal* 

WeslInKhouse Electric Ci^rp. 

Semiconductor Drpt. Youru;wood* Pi. 



Ultronlx, Inr • San Mateo, Cal. 

Union Carbine Corp., Elect.. 

Dlv ; . . . .New York* N.Y, 

Vlkln« Ind. me Canola Park, Cal. 

Icore Elertro-Plasllcs Inc Sunnyvale* Ca). 

Cosmo Plaslle (r/o Electrlcai 

^H>c.Co.) Cluvelaiul, Ohio 

Ikrber Culman Co Rockford* 111. 

Tl' pu Optical 

Hoslyn llelkhts* Lena Island, N.Y. 

Metro-Tel Corp.. . Westbury.N. Y. 

Stewart Eiiatnenrlsk Co Santa Cruz, CaL 

WakcileUt Kniilneerlnit hie Wakefield, Mass. 

[lasKiek Co. , Dlv. of Stewart 

Warner Corp llridaetNirl, Conn. 

Haychem Corp Redwonl CHy, Ca). 

Rausch ami Lomb Optical 

Co. ..... Rdcliester. NiY. 

E.T. A. Products Co, o| 

America , . . . Chicago* 111, 

Amatom ElecU^onlc Hardware 

Co. * Inc New Rochelle, N. Y. 

Decde Eieclrical lastrument 

Co. * Inc i . . . . Penacook.. N. H. 

. General Devices Co. ,1m'. . , , . ImlianapidiN. Ind. 
Compooenis Inc. .Ariz.Div, , , Phoen'u, Arizona 
Tnrrlnftton Mf|t. Co. .West Dlv. . . Van Nuys* Cal, 

Vartan Assoc. Btmac Dlv San Carliis, Cal. 

Kelvin Electric Co Vim Nuys, Cal, 

Dlaltran Co . Pjisadenu* Ciil, 

Transistor Eleclronics 

Corp .Minneapolis, Miim, 

WesIHuihouse Electric 

Corp. *Klectronlc 'Dibe Dlv Elmira, N.Y, 

FHmohm Corp. New York, N, Y. 

Cioch-Gruphlk Co. ..... City of Industry, Cal. 
Silicon Transistor Ci>rp, , . . Carle Place, N.Y. 

Avnet Corp.. Culver CHy, Cal. 

Fairchild Camera ft Inst. Corp. * 

Semlcnmtuctor Dlv,. , . , , Mountain View, Cal. 
Minnesota Rubber Co, .... . Mlnncupolls* MImi, ' 

Dirtcher. Cerp, The Monterey Park* Cal. 

Sylvaniu Elect. Prod. Inc, * 

Mt. View Operations .... Mountain View* Cal, 
Tuehnlcal Wire Products 

Inc i Cranfi»rd* N..I. 

HmJliie Elect. Co Chlcapo, 111, 

Conlinentul Device C'irp Jlawthiirne* Cal, 

Raytheon Mill, Cin * Semi- 
eondunlor Dlv.. « . I . . Mountain View . Ca). 

. ilnwUitt-Packard Co. , 

New dersuy Division. Hockuway, N..1. 

U.S, Eokineerina Co. ...... Los Anpeles* Cal. 

Ullnii* Delberl Co Pomona, Ca). 

DurKoss Haltery Co. ......... 

, . Niagara Falls, Onlarii>, Canada 

Deulsch Faslitaer Corp, .... Los AnneleH, Cal, 

Hrlslol Co. . The Walerbary, Comi 

Sloan Company Sun Valley* Cal. 

ITT Cannon Eleclric Inc. , 

Phoenix Dlv.. Phoenix, Arizona 

National Radio Lid). Ine Paramus, N.d. 

CIIH ElectrunleN Semlconduclor 
Operattimn.DIv. of CDS Ine .... Lowell* Mass. 
Gimeriil Elecirie Co. , 

Miniature Lamp Dept. ..... i . Clevelamt. Ohio 

Mel-Rain .Indlunapiills, 1ml, 

Habi'ock Relays Dlv. Costa Mesa, Cal, 

, Eleirlronle Knelosures Ine. ..Los Ao^ieles* CalM , 
Texas Capacliur Co. ........ llimHlon* Tex;iH 

Tech. Ind. Inc. Alohm 

Elect . Durl>ank* Cal. 

Electro AssemblleH* !nc Chleapo, HI, 

C ft K Comismetds Inc. Newton. Mass, 

Mallory IkHtery Cm of 

Canada* Ltd Toronlo* Ontario* Canada 

Pennsylvania Klorm'arben.CHHon Hulithts, Perm. 

Durndy Corp Norwalk, Conn. 

GeneralTransIstur Western 
Corp, ............... LosAnitHes, CiiL 

Tl-Tal,lnc., Herkeley, Cal. 

Carborundum Co. ..... Niagara Falls. N.Y. 



. Ailnir|m'r<|Uf. N, M. 

Dover, N. II 

. . . W. Haven, Conn. 

Ti»kvo, .Itipiin 

riiiik. .N..I . 

Neu'jmrl He. It'll, Cal. 

. .Sl'a1t^<lla|l^ Al‘i/ooa 
. . .Wdelula, K.insas 

Deirnll , Mit'Ji. 

.... D.illas. Teiuh 

d‘app.m. N. Y. 

. llamwer.Gernimiy 

Kansas (.'Hy, Kansas 
, Neutnii'y P.irk , Cal. 

, .Sania MmiieM, Cal,. 
.Consliohni'ken. Pa. 



^ilm HimcIi, Kla. 
. l.iivelaoil. (.'nto. 
. .,Neuar);. N..I. 



5 CTS of Herni*. Ine • Hepiie. Inil, 

f Chlrarm TeieplioiU' «>l 

Calllornia. Ine Ho. Pasadena, (.'al. 

' HaV State Kleetroiiirs Corp, - . . Waltham. M.ikk 
[ Teiedyne Ine. .MIerowave 

Dlv Palo Alin. Cal. 

I National .Seal . Downey. Cal. 

I Precision ConiiiTlor Corp lam, lira, N Y. 

I Dtmeaii Kleelronics Ine t'osla Mes.i, (*al. 

I General Inslniment (‘orp. . 

Semli'<»h(tuetnr Division Priid|ierK 

Group . . , . Nr>wark, N..I, 

f Imperial Kli'elihiile.lne. . • ■ s Hneoa Park, t!af. 

I Mi'latm, liu' • P.ih»AI1i», t.'iil. 

I PJiliudelphla Handle ('■> Camden, N>.l. 

I Grovi* MJp.lo). , Ine. ..... .Shady Gr'ovi', P.i. 

1 flulton Imi. Ine, .Data .System 

Dlv Ailnir|iier<|Ue. N, M. 

^ ClaroKial Mtp.Co . Dover. N.H 

I Elmar Filter Citrp • i W. Haven, ('turn. 

I Nlpjmii Kh'elrle Co. . I.ld Tokyo, .liipan 

Meh‘\ Kleeinmles Corj), Claik. 

I Della .SemleomloeUir Ine., . . Newjn>ri He.ieli, Cal. 
DiekKon l>]eelHoiles Corp. . . .Scaltsitale. Al'i/ooa 

I Aireo ,Stij)p|y (.'o. . Inr .WdHiita. K.insas 

Wilc'o PriHluets Delndj. MicJi. 

Thermolloy . D.illas. Tesas 

.Solllron iv’viees Ine H‘app.m, N.Y. 

Teieluhkeu IGiublD .... Hamwer, Germany 

Midland'Wrliilit Div. of 

J’aeilie Iniloslries, tiii’, , . . K.insas City, Kansas 

' Sem-Tecli . , Neutmry P.irk, Cel. 

CuHt. Resistor C(»rp .Sania MotiieM, Cal,. 

American I’omponenis, Im-.. .Consituhocken. Pa. 
ITT Sinnieoiiductur, a Div. id 
Int.Teleplmne and Telepraph ' 

Corporallon , .West l^llm Death, Kla. 

Ilewlett-Packaril Coni]iaiiy I.nvelaiiil. Colo. 

Cornell Duhller Klertrle Corp . . ..Neivarl;, N.,1. 
Cornliip Glass Works Corninit, N.Y. 

Kleelro (.’nlie )ne . .S:m Gabriel, CaL 

WilDiims Mill. Km.1i»se, (.‘al. 

The Spliere Co. *liic ' . Lltlli' Falls, N..I,' 

Websler Hleetrimlrs Co. . , . , . New York, N^ Y. 

.Srionles Corp. , Norlhrtdi'.e.Cal, 

Ad|nstalili> Hushinit Co N. Ilidlywoml, (.'al, 

Micron Electronlrs Xlarden (,'lly. Lonp IslaniLN. Y. 

Ampriihe Insl. Cor^i f.ynhroek, N.Y. 

Cabletronles Cnnla Mes.i, Cal. 

Twimlleth Ceatur/ Coll 

.sprlnuCo. K,nila Clara , Cal. , 

Fenwtil Kleei. l ,r. . . , l-r.imlmiham, M.ms. 

Ameleo hie. . . Moimlain View. Cal, 

Spniee Pine Mica. Co Spem e Pine, N.C. 

Omnt'Kpeetra liie Detroit, 11). 

Computer Diode Corj) , LikII, N.d. 

Eli'elroid Coi tinlmii N..I. 

Hoots Alrerall Nut Corp Pasadena . CaL 

IdenI Pree. Meier (*o. .Ine. , 

De.lur Meter Dlv. Dronklya, N.Y. 

Deleo Itaillo Dlv. id (1. M.(.'orp. . . .Kokmoo, lint, 

Tlierinonelli'S Ine. . . Canopu Park. Cal. 

Trane.x Company Mounloln View, Cat. 

Hamlin Metal PriKlucls Cor]i Akron, Ohio 

Anustridim Pree. Ine, ... No, llnllywi.nid. Cid 

.klliuinl.x Ine ; . ..SNiimyvale.CaL 

MeGraw-Eihsnn Co Manehesler, N.H. 

Power Desipn PaeIHe Ine. ..... Palo AHo.t^il. 
Ctevlte Ciir]). Semleniiiliii'tor Dlv, Palo Ado, ('al. 

hiipiidleH (.'orp .^miiiyvale.Cal. 

Ty-Car Mip. Co, , Ine HoHlsHm, Miisi, 

THW Kleel. Comp. Dlv Dos IHaines, HI. 

Choinerles . . Platnville. Mass. 

Curtis Inslniment, Ine .Ml. Kiseo, N.Y; 

Visliay hiKirumeniH Im- Malvern, Pa. 

K.l. Duhnit Jiml ('ll, , Ine. . . Wilnilniilim. Del. 

Durant , ..... M>i. itikee,W|H 

The Dendix Corp. , Navigation ft 

Coiiirol Dlv. .,.i Teierbori). N.,1. 

TJmmas A. Kdison'lndnslries, 

Div. of MeGraw-KtIiHon .... SVesi Oraniie, N.,1. 
Coneoa , . Paldwin Park, Cal. 



00QI^-4D 

Revised: May* 1070 



Fronr.' Ilamihook Supjdeim'iits 
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Replaceable Parts 



Model 489A/491C 






) . > 

Mamiliui«r»*r 



Table 6-3. Code List of Manufacturers (ContJ 



Miumliirturl'r 



Aililn'HN Cnili* 
No, 



M;imitui'turi'r 



I.ltC l.'li'i'iriiiiii’» Hnr»i‘hi‘Uiln,N. Y. 7HII2 L'. I', t.'luni L'li CliliMHii, III. 7H4I>2 Tlmiii|mjin-lln'tiii'r K to (.'Iil['aiti>, III, 

Itnill l•;ll■^■li■ll Mil!, toi Inili'lii'iiiii'Mi'i' , KiiiihaH , 71 Mill (.■fiii;'iiliili Dlv, ol 7(1471 Tlllio* Mlii. to. Sin Fraiu-lmo. till. 

IMHiB ' Atronli'o tiirii. ^ , I‘lillailc,'liililii, I'ii. (il, olio lliiloii Ini' . Mllwuulii'i'. Win. 7H4IIH .Sliii'liiiolo tnrlmii to ,S|. M.iryo. I*ii, 

3l22(i Km'i'uIoik'. Ini' I.oiiU IhIiiiiiI tlly. N. Y. 71111(1 tniiioiiTrliil I’luntli s to. . .' tlili'niin. III. 7 ll 4 li;i .Sliiniliiril TlioniNon tor|i. . . . . . Wattlinmi Miihh. 

'Jlltii! r.iliiii- |1f.irlnn to. ,'riio . , . .Yi'W llrllluii. Conn. 71711(1 tofiilnh Wlrn to. , riii' Non York, N. Y. YllfiM TIniii'i'iniiii I’roiliirtn, Ini' tlnvolmiil, Oliiii 

'Jl.'ijn r.iinih'l Mi'tiilliiruli'iil tor|i. . , .N. ctili'iiiio. Ill . 71707 toln toll to. . Inn Pl'mlili'iii'o, II. 1. 7(171)0 ■rrnw.InrmiT Kniiiiii'nni .... .Sun liilirlnl, till. 

• lli'iiiT.il IIi'imI to. Mntiirlii'ii. I'l..1. 71744 thlniito Mliiliitnri' l.iini|i Wiirkn . . .tlili'iiko. III. 7IKI47 lliiiiili’ tii Nnwioiivllli', Miinn, 

2:(OI'3 li'Vw'.in tof|i. . Inihiliiiiliotln. lull. 7I7II;I tiiii li Ml|t. to. . 7!li;i(i Wiililnn Koliliiiiiir Ini'. . . l.iiiin IhIuiiiI tlly, N. Y. 

III17H7 Itnlihh tl.iilln KIi'i'lriiiilrH l.til. . .WiiKliiiinlon.llt. ■ Himiiiit li. .Ioiii'h Dlv. .CIili'iii;o. Ill 7UI42 Vi'i'ilcr Himl. tin- IliiHlnril, timn. 

a i'irili (i. K l..ini]) Dlvlhlon .Ni-lii I’.irli.CInvoliiiiil. Oliitt , 7i;ni4 Dmv tiinilnn tnr|i Mlilliiiiil. Mtrli. 70201 Wi'iii'n Mlis. to Clilnino. III. 

24070 lii'iii'i'iil lliiillo tiiiiniril. Mann. 721:1(1 Klnrlm MnDvi' Mill. to. , liu', 70727 Ciintlni'iilal-Wirl Kli'i lronlni tori). 

24i}kl . Mi.nii'iii' Ini’, .tiniiji. Dlv, ..... .Iliiniliintoii.liiil. . '. . Wlllliiianlli'. tiniii. l;iitjiiili'||ilila , Pa. 

;!ii.li>:i Di'li'n Kl'iii'oilni'i'i' till'll. , . . Ni'iv lloHii'lli', N; V. 72(110 Diallillil tiirp .llrniiklyii. .N. Y. 7()0(i;i /li’rli'k M(|i. Corp .'low Hoi’hi'lli', N, Y. 

2(I402 lli'iilii'i'i I'lli' to, III AiiiiTli'a. Ini'. (.’arlnliiiH. N..I. 72110(1 liiill;iii;i lli ni’i'iil tiinji. , ll(ili;it Mi.|ii'o .Oinnliimt tli'iili to. 

2(1(171 tniiiiMi’ lliilllnli’i' to. ....... Iliilllnii'r. tnl, Kli'i'D'oiilrn Dlv Ki’iinliy. N..I, Miirrlnliovn. N,,l. 

21.002 ' 11 . 101 ( 1(1111 Wall'll to 1 ,. 1111 ’iihU'I-. Pa. 72(100 ti’iii’i’nl Innli’iinii’nl tiirp. , H((li;i;i I'ri’iiliili' CYn'|). ' Tolinin, Ohio 

2II4I10 lli Mli'tl-P.ii'liai'il to, Palo Alio. tal. t.i|i Dlvlnlon , . Ni'»;irl N..I, iil(|20 .Srinill/.i'r Alloy Pi'oiliii'lH to, ,, Kllzalii’lli. N..I. 

2Hri20' lli'vniaii Mln.to, . . .' Ki‘iil|woi'lli. N..I, 727(10 Dl-aki'<Mlii. lli’lRlitn, 111, |mi;i| I'lli’i-troiilc liiiliiiilrli'N Anniii-liilioii, 

' ,'illK17 Inslnni.ii'iii SpiTlallli'it tn. , 72020 lliijili II. Kliy Ini' Plillaili'liiliia, Pa. Klaiiilaril liilii' nr ninnl-coniliii'tor ili'VUai, 

Inr l.Ittli' Falli., N..I. 7202(1 (iiiili'inaii to tlilraiio. III. any niaiiiilarliiri'r. 

! .lon.i li. K. PiTi'innii Tiii.i' Di’pl Owi'iiiiliiiro. Ky. 720112 Klanlli- I4lii|i Niil torp tiili.n. N. .1. 01(2(17 tnlni.i.\ .''Vlli-li. Dlv. Maxim Kli'i'lriinli'H 

.;i!i4:i.| I I'i'ii'olini Ini' tlili'aim. III. 72I(I14 lliiliorl M. llailli'V to ton Aiiri'Ii'k. tal. torp WallliiRforil, Ciiini. 

llOIOd Slaiovyi'U toil Pi'iiiliii'ln. 720112 ICi’lo ■Pl■|■|lnolonll■aI Pi'oilm'ln. Ini-. . . .trio. Pa. (t(i22;( Dnlli’it Tr.iiinliiriiii'r tiirp. ... Now York, N. Y. 

I.iil '. . tlaalii’clini'v. Onliii'lo. taiiiiit.i 7;i((lll llaiisi'n Mill. to. . Iiir'. Pi'lni'i'lnn. Iml. (1II24II Oxioril Kli'i’lrlr torp tlili'a(!o, 111. 

:iH2lt7 tiiiintinilfiiin. W.ll. A mil. 7:i(l7ll ll. M. Ilarpi’r 111. ( 1 (H’||.| Doiirnn Inr Illviirnlili', till, 

l.ul. Tin In. Onlano, taiiail.i 7:ii;(il lli'llpni Dlv. Hi liri’liinan Inni, , Inr. Ill(,|]| Arro Dlv. ol Itolirrlnliaiv tond'olo to, 

:17042 P.ll, Mallocy A- to, , Inr Iiiil(ana|)oliii. Iml, . < FKlIri'lon. tal. ,. tolninl inn, Ohio 

.7004:1 Mi’i'li.liiii'al Iniliihli'li'M Pi'ikI. to. .. Akron. Olilo 7:i2M Iliinlii'H Pi'oiliirin Ulvlnliin ol ' ll|).)IKI All .Siar PriHliirln Inr , . Drilanri’, Oliiii 

.. 4II021I . Mlniiiiui'i' pri'i'lnlon llraniiiin.lni’. . Kri'iu'. ,N. II. Iliiiilirn Airri'all llrnrli, tal. lillOllll Avrry l.iil»<l Mniirni'lii, tal. 

’IIIOIII llnnryin'll Inr Mlnnrapolni. Minn, 7:|.I.|5 Ain|irrr\ Klrrl, to. , , IlIrkHvlIlr, 1.. I. .N.Y. iKioii;! llainiiiarliiiHl to. , Inr Marn Hill, N, t, 

421(1(1 tlilraim, III. 7;I0()H Di'iiilli'y Si'iiilromlm'lAr torp, OOiniO Slrvrim, Arnolil, to, . Inr. , . llmilnn. Miihh, 

■IIUIIKI t. A, Noriirrii to Kniiloivooil, tolo , ‘ Nriv llavrn, tiiiin. llOdtl Dlniro dray Ohio 

•I’PiriO Olinlllr Mill, to, ■ Skokir, 111. , TlOOO tarlinn Kli'i'lrlr. Inr. ...... Ilartloril, to hkoo liili'ipiallonalTiinl. Ini' . , aran’ni'. Conn. 

4(iii(14 ' Penn Mnn, kMlii'. Cor|i. ..... .Doylrhliran. Pa. 73!illli tlrrlr F Ml|t, to .Tri'nlon, N..I. 111073 Craylilll to I.allraniir, III. 

47004 ' Polai'olil tor(>. ■ t.iiiilirlilnr. Mann. 73(1112 ‘Uyoriii’ K, (iarri'll f.’o, , IllOtiO Trlail TraiiHloriiirr l.'orp Vrnlcr, tal, 

• 111 ( 12(1 Prri'lolon Tlirrmopirlrr k . Div. M.si, Inilimirli'M, Inr., , Plillnilrlphla, Pa. Ii|;il2 Wliirlirhlri' Klrr. Dlv. l.liton Inil. , Inr. 

’ liiBl. to. .... Koiilliainplon, Pa. 73734 Frilrral Si’rriv PriHliirlti. Inr, . , .tlilraiio. 111. , , . . , Onkvillr, toiiii. 

41100(1 Mlri'ouavr ki Pinvrr Tnlir Dlv. . . Wallli.iin, Mann. 7374;t Fjnrlirr .Spi'i’lal Mill, Ohio 1113'tO MIlKary .S|)rrlHriillnn '. 

' ,V20li(l Hmvaii tonlrollrr Mil. 7371)3 tlrnrral ImliinlrlrH to. , Tlir . . . . . Klyria, Oliin (iM(t;i lnlrnialloii.il llrrllllrr torp. , Kl Orniinilo, (.'al, 

02DII3 IIP to . Mrd. Elrr. Dlv. . . . . Walltiain, Mann. 73114(1 (ionlii'ii Slainplni! k Tool to. .... .(imilirn. Iml. , "vll Airjiax Klrrlronlrn, Inr. . tainlirlilr.nl. Marylanil 

04211't .0|i,illi’i'imn Mill, to .SrIina.N.t. 731)1111 .IFD Hli’i’lronlrn torp Hrooklyn, N. Y, , lllllliu Parry tiililrols, Dlv, Harry Wrlplil tilr|k 

00(12(1 .Slnipnoii Kli'rlrlr to tlill'iiRo. til. 731(1(0 .lijiinlniKi llaillo }Vtl|l. torp. . . 1 . Sin .lonr, tnl. Wairrioivn, Masn.: 

O0n:i3 Smolonr torp. Klninloril, N. Y. 731)07 Croovr-Pm (.'orp., . Illillirlli'lil, N.,1. 112(142 tarirr IVrrInlon Elrrlrlr to. , , , , .STiokli', HI. 

. 00u:ill ' lliivihron to. tiinlnirrrlal Ajiparaliin . 7'I27(1 .Hlnnalllr Inr Nriilinir, N..I. 1)21147 .S'prrII Farailay Inr. . top|i,'r iirwiti 

k .Synlmi Dlv. ........ .Si. Norualk. tonii. ' 74400 ,1 . II, WIniin, .mil .Smn. , . , . Wlnrlii'Hlrr. Mann; Kirririr Dlv! lliiliokrn, .S..I,, 

0111:17 ,S|)aiiiillim Fllirr to. . Inr, .... Ton.nvanit.i. N.Y, 7411(11 Iniliinlrlal toiiilrnin'r tiirji, , . , . . .thlrnilo. 111. II21KI Kli’rlrlr llri'tilalor torp Nonnilk, tonn. 

01121)11 .Sprailiir Klri'trlr to. , .Norlli Aikimn, Mann. ' 741)1111 H, F. PriHliirln Dlvlnlon ol 1)2142 .Irlirrn Klrrl rnnlrn Dlvlnlon ol 

0B474 Siipi’rlor Klrrl. to. .PrlKlol, (.‘oiin. Anij)lirnol-llor|i Klrrlrinilr torp. Sprrr tarlnni to. Dii llnln,. Pa. 

.01)44(1 Ti'lrx tiii’p.. . . . . ; Tiiin.i, Okla. ■ Daiilmry. toim. 11217(1 Fairriillil tanirra ft Innl. torp. , 

WI73II' Tliomai. ft Hriln N..I. 74117(1 K. F. .lohmnin to , . , IVahrra. Minn, Sp;irr ft Drlrnnr .Synlrinn Dlv. .Parainun. N..I. 

11(1741 Trlplrll Klrrti'lcal Innl, to HliiHliin, Uhlo 7()II42 ItilrriiJlIonalTtrNlhlanrr l.'o. , Plillailrlplila. Pa. H2201) Maiiiirtr Imlinid'lrn. Inr (Irrrmvlrli, tiniii, 

(11770 l iinm Swilrli iinil .Slpnal Dlv, op 702113 Krynl iiir tarlmn to. , Inr , ,,S'I, M.iryn', Pa. liU2tl( .Sylvaiila KIrrIrir Prinl. , Inr. ' 

Wi'slinnloiuni’ Air lli'nkr to, . . PitlHliiirilli. Pa. 703711 tTS Knlnliln, Inr. S,iiiil»’)rli. ill. Klrrlrinilv Tulir l)n inlim . . . .Einporlliin. Pa. 

' (1211!) tnlvrrvarKli'rlrlr MIrli. 7031(2 Kiilka Klrrlrli' torp Ml. Vi'rnon. N. Y. 1)237(1 Anlrnn torp Kant Nrnark. Harrinoii, N. ,1, 

(13743 W.ii'il-l.ronat’il KIri'lrIr to, , , Ml, Vrnion. N. Y, 70II1II l.rn/ Klrrlrlr ,Mlii. to. .tlilraiio. III. 1123111) .kivtlrlirrall. Inr thlrai'o. Ill, 

(14001) Wi'Klrrn Klri’d'lr Co, , Inr. ... New York, -N, Y, 70010 l.lltlrliinr, Inr Drn Plaliirn, III. 1)2(147 Mrlaln ft tiinlfoln Inr, . 

), (l!i(l!)2 , Wrntoii Innl. Inr, Wminn-Nixviirk , Nrivark, N..I. 711(100 l.oril Mlp. to ..Krir. Pa. .Sliniirrr Proiliirtn . Altlrlmro, Mann, 

(11(200' Wlilrli Mill, tlilraiio, 111, '7(121(1 (.'.W. Miirivoilrl , Frain'lnro, tal. H27IIII Ptiilllim-Ailvaiirr tonirol to lollH, 111, 

' (1)13411 MInnrnola Mllilnit ft Mill. (.'o. ■ 711433 (Irnrr.il Innd'iiinrnl torp. . I121IIK1 Hrnrarrli Proiliirtn torp Maillniiii, Win, 

llrvrrr .Miiii'oni Div St. Paul. Minn. Mlratnolil.DjvInlon Ni'wiirk, N.,l, ||2U77 Holirn Mlp. to. , Inr Winnlntork, N. Y, 

71)2711 ' Allan Mill, to , . Harlloi'd. tonn. 7114117 .lainrii .Mlllrii Mlp. to, , Inr. . . M.ilili’ii, .Mann. 112(1113 Vrrior Elri'd'oiilr . , . (ilrnilalr, tnl, 

7P301I AHli'il toiilrol .Nriv Yiirk. V. 7(14113 .I.W. Mllli'r to I, on Aiiitrlrn, tal. IlIlOOIl tarr Fiinlrnri' to ' tainbrlilitn, Maim. 

703III Allinrial Srri’iv PriKliirl to. , Inr. 71)03(1 tInrIi-Mon.iiliiork, Div. ol llnllril Carr li:i(i|l(l Nrw Haitipnlilrr Hall 

Oarilrn tlly. N.Y, , Fanli'nrr torp San l.l•anllro, tal. Hrarlnn. Inr. Prlrrlmrouiilv N. II, 

70417 Ainpli'X. Dlv. ol tliry.nlrr torp. .Di’lroll. Mil'll. 7(1040 Miii’lIiT K)rr(rli’ to. . . tlrvrlaiiil, (Vliln 113120 lioiirral InMniimiil tor|i, , 

7114(10 Atlnnllr Inilla ltiilil)rr Workh. Inr. . , tlilrano, HI. 7(17(13 National Union Ni'wark, N..I. taparltiir Dlv Darllniilon, .S, t, 

7001)3 Aiiiprrilr Co. . Inr llnlnti (lily. N.,1. 7(11104 Oak Maniilai lurliir, to, , . . . trynlal l.akr. III. (1314(1 VI'T Wlrr ami talilr Dlv I.on Aiiiirlrn, tal. 

7111174 ADC Pi'oiliiriK Inr MInnr.ipoIlK, Minn. 770(111 Tlir Hi'iiillx torp. , (131(111 Vlrlory Knit, torp SjipInilHrlil, N.,1, 

' •(I|l(i;i Hrliliin Milt. tlilraiio. III. Klorlroilynainlrn Dlv. . . . N, llollyiimnl, tal. H321H! Hrnillx (.'or]). . Itril Ilink Dlv. .. Ill'll Hank. N..I. 

(()!i()li Dll’ll Klrrlrii'Orp . tli'vo.innil, Oliio ’ 771)70 Pai'HIr Mi’liili. .Sin Franrinro, tal. )I3315 Itiilil'rll torp . Miinitririn, HI. 

71(102 HIriiliai'li llaillo to Now York. N, Y. 77221 Pliaimlr.in Innlninirii) and ’ 113324 llonaii Inr, Nrwporl Hriirli, tal. 

71034 Hlilrv KloHrir Cl>. .Inr KrIr. Pa. Kli'Oronir to. ' .Si, Paiiailrna, tal. |i;)330 Smllli. Ilrnnan II. . Inr Hrooklyn. N.Y. 

71041 Hohlon (Irar Wnrkn DIV. ol 77202 Plilladrliihia .Sloi'l and ■ ' n 3 ;i;i 3 Trrli Calm PallHailnn Park, N.,1 . 

Murray to. orrc.van . . . . . IViilnri'y. Mann. Wire tori), Plillinirlptila. Pii. ii33l)0 triilral Si'rri'v to. (.'Iilraiin, HI. 

7I21H Hud Hailln, Inr Wlllmiiililiy. Ol 773't2 Ami'riraii Miirhliir ft l■■^nlndl'y to, 33301 Cavlll id talilu to. , Dlv, ol 

7127*) tainlirlilitr ')■|ll>rn)|onlrn torp. tamkrlditr, Mann. Poitrr ft HnniillHd Dlv Prliii’i'lon, Iml, Anii’r.irr Carp Hrooldirld, Mann. 

71200 tainlor Fantrnrr torp Parainun, N..I. 77li;ili I'HW Kli rironir toinpnnridH Dlv taradi'ii, N..I. H3ii!i4 Hnrroiiiilin torp, , Klri'lroidr 

71313 t.irdivi'H torp. 770311 lii’iirral liinlnimrnl torp'. , Tidiu Dlv. . . . . PlaliiHidil, N. .1. 

I.imk'iilnirnl. I..T. , N. Y. llorDllor N, Y. 03741) Pnlim tarkidr torp. . toiiniiiniT , 

7140(1 Hunmnann .Milt. I»v. id ‘ 77704 lli'idHIamc PriHliirDi to Ilarrlnluirn, j’a. l‘rod. Dlv Now York, N. Y. 

Mi'draw-Killnon Co. .SI. l.oiiln, .Mo. 77)1011 llulilion'r.!)) torp. ol tall). . . Torranri’, tal. 03777 Minlrl Knn. am) Mlp. , Inr. . , . Huiillnilliiii, tnil. 

71430 Clilrapo tinpli'iincr torp) . thlrapo, 111. 7)il0)l .Sliakrjiroo) Dlrlidini ol 113112 ) l.oyd .Srrupiin Mo. 

71447 tiiHI. Spritip to. ,Iiir Pli'toIMVcr.i. tal. Hllimln I'ool Win kn .Klpln. HI. 113)142 Arroiiaullral Inn), ft llaillo to, . . . .l.mtl, N..I, 

7H30 CT.S Corp .Klkhari. Iml. 70277 .Sipiim So. Hraliilri'i', Mann. 04171 Arro Kli'rlroiili'n Inr. ..... .dri’iit Nrrk, N.Y. 

, 71400 ITT Cannon Klfi’trlr Inr. . . . Lon Anpi'H’ii. t.il. 70203 Slpiipl Inillralor torp New York, N. Y. 043110 A. . I. (llrnriiiT to. . Inr,'. . .Sin Franrinro, tal. 

71471 Cliirnia, Dlv. Arrovos torp Durliank. tal. 702011 .Slrulhrm-nunn Inr Illtmiin, N..P, 0441I I'llW (.'a|iai'llor Dlv. Opalkila, Nrli. 
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Model 489A/491C 



Replaceable Parts 



Codo 

No, 



Table 6-3. Code List of Manufacturers (Cont.) 





Code 




C(Kle 






ManulUcturur 


Address No. 


Manufacturer 


Address No. 


hfumduclurer 






94B70 Sarkea Tarzian, Inc ,Dlu4imimct(m» Iml. 

BS454 Duonton Molding Company > . , , . . Buonlon, N. J. 

85471 A. D. Boyd Co. , . • San FrandHi'n» Cal. 

6S474 R, M„ Braeamonke & Co. . , , &in Franckacot Cal, 

B5660 Koilod Korda» Inc Hutnilpn^ Cimn.' 

BSOll Seamlcaa Rut^r Co. .......... Chkcai(o> lU. 

86174 Fafnir Boarknff Co. ...... Loa AnKoioa, C.'illl. 

B6107 Clifton Preekalon Producta Co, ^ Inc. 

CllMon lIcluhiHf Pa. 

86570 Proclaton Rublwr Producta Corp. DayUm» Ohio 

66684 ^ Radio Corp. of America, Eleckronlu Comp. 

& Dcvkcea Division . HurrlMon. N.J. 

8602B Scaatrom Mf(f. Co. Oombile, Cal, 

87034 Marco Induatrloa Ariaholm, Cul. 

87216 Phllcf) Corporation (Lonsdulo Division) 

• LanHilale, Pa. 

87473 Western Fibrous Glass Prmiucta Co. 



, , .i. . . . San Francisco, Cal. 

Van Waters & RoKora Inc. . . San Francisco, Cul. 

Tower Mf({. Corp. Providence, R. 1. 

CulIer-'Hammer, Inc Lincoln, III. 

Gould-NutUmal Dutterloa, Inc. . . St. Paul, Minn, 
General Mills, Inc. . ... ...... Bnffulo, N.Y. 

Graybar Bloclrlc Co . Oaltlum). Cal. 

G. E. Dlatrlbultng Corp, .... Sclieneclaily, N. Y. 
Seeurlty Co, j .DelroU, Mich. 

United Transfurmer Co. Clilrado. III. 

United Shoe Machinery Corp. . , . Bovurly, Muhb. 
U.S. Rubber Co. , Conaumur Ind. A 

• Plaattca Prod. Div . . PasKulr, N..I, 

DellrdvkUe Slieclullty Tool Mfp. , Inc. 

. Bdlevllle, III. 

Unlled Carr Faslemrr Corp. ..... Chlcaito.. III. 

Dearlnp En^knoerlnK Co, . ; . San FranciHco. Cal. 
ITT Cannon Elect. Inc. , BUlrm Div. ^ 

, Salem, Munh. 

Connor S^prlnK Mf|t. Co, ... Han Francisco. Cal. 
Miller Dial & Namupluto Co. . , , El Monio. Cal. 

Radio Matcrtula Co. Chirupo. 1)1. 

AuKut Inc. Alll(il>oro, Masa. 

Dale Electronics, Inc . Cnlumliua. Nebr. 

Eleo Corp. > . Willow Grove.' Pa. 

Eplphone Inc, ............ Now Yorlt, N, Y. 

Gremar Mfn. 'Co. , Inc Wakeliitld, Muaa. 

K F Development Co RoiIwoinI City, Cal. 

Malco Mfir* * Inc. Chlcuuo, III. 



918211 lInneyweU Inc. , Micro Switch Dlvlaimi 

Freeport,. HI. 

DIOOl Nahm-Dros. S^rlnK Co. ...... Oohlund, Cal. 

921B0 Tru-Connoctor Corp. ....... Peabmiy, Musa. 

92367 BIkocI Opilcal Cn. , Inc. . . » . Horhealnr, N.Y. 
02607 Tensolltit Insulated Wire Co. , Inc, • 

Tarrytown. N.Y. 

92702 IMC MaKnetlca Corp. , , .Weslbury, L.I. , N.Y. 
92066 lluciMon Lamp Co. I^'arney, N..I. 

93332 Sylvanla Electric PhrI. Inc. . 

Hemlromluc|t»r Div .Woburn, Masa. 

03.169 RobUlnN A Myers Inc. j . . Palllsadea Piirk. N.J. 
93410 Htumco Controls, Div. ol Esses 

Wire Corp. Manslleld, Ohio 

93632 Wulera Mfp, Co. ......... Culver Clly, Cal. 

93029 G. V. Controls * . . . Llvln^Nlon, N..I. 

94137 General Cable Corp nityoime, N.J. 

04144 Raytheon Co. , Comp. Div. , 

Ind. Comp; Operal Iona ...... Quincy, Maas. 

9414B Scientkllc Electronics 

Proihicts, Inc Loveliiiid, Colo. 

04154 Waaner Elect. Cor]». , 

Tuna-S»o1 Div Newark, N.*!. 

94107 CurllHS>Wrli{hl Corp. . 

Electronics Div. ..... .East Patterson^ N..I. 

04222 South Chester Cnrp. Chenier, Pa, 

943.10 Wire Clolli Products, Inc .BellWtHKl, 111. 

04375 Aulomallc MHal PrmiucIS Co. . Bfra^klyn, N.Y, 
04662 Worcesier Pressed Aluminum Corp. 

Worcester, Mass. 

94600 Mattneeralt Eli.'ctrlc Co . Chl^a^o, III. 

95023 Georiie A. Plillbrlek Researchers,; Inc, 



rkiHloii, Mass. 

05146 'Alcri Eleiil, MIf;. Co. Lawrence, Mass. 

95236 Allies Prmlucls Corp, Dlanla, Fla. 

05236 Coni Inental Connector Corp, . . WofslHlile, N. Y, 

05263 Leerralt MIk, Co., Inc Lima Island, N.Y. 

95265 Nalitmal Coll Co. Hlierlduii, Wyo. 

05275 Vltraimm, hie BrldKeporl, Conn. 

9534H Gonlris Corp Bloomfield, N.3. 



05354 Mulbtslo Mill. Co. ..... It4»mn|{ Moadowa. 111. 

05566 Arnold EnalneerlnK Cn. . .Murenao, 111. 

05712 Dtiipi Eloctrlb Co. , Jnc Franklin, Ind. 

Df)0H4 Slemni) Mf|C. Co. Wayne, III. 

05967 Weehesser Co. . . Chlcuito, III. 

96067 Microwave Assoc. .West, Inc. . Hunnyvalo, Cal. 



96005 lll*Q Div. of Aerovris Corp Olean, N. Y. 

06256 Thorilarson>Melssnur Inc.. . . , Ml. Carmel, 111. 

06290 Solar Ml^. Co. . Los Angeles, Cal, 

06306 MicroswUch, Div. ol 

Minn, •Honeywell FreepnrI. 111. 

06330 Carlton Screw Co, . Chicago, III. 

06341 Microwave AKS4)clalos, Inc. . llurUnKliin, Mass, 
06501 Excel Transformer Co Oakland , Cal. 



065QH Ecollle, Inc. . ^ . .Orclurd l>ark, N. Y, 

06733 San Firntando Elee. MIg. Cn. Son Fernando, Cul. 
06il8t Thomson Ind, Inr ....... Long Island. N.Y, 

07464 Industrial RctalMhig Ring Co. . . Irvlngfon, N.<l. 
07539 Automalic & .Precision MIg. . . Englewood, N..I. 

97079 ,'non Resistor Corp. Yonkers, N.Y. 

07083 Litton System Inc, , Adler*Weslrcx 

Common. Div New Rochelle, N. V, , 

9H141 R^Tronlcs, Inc Iiimalcu, N.Y. 

08150 Rubber Teck. Inr (kardena, Cul. 

06220 Hewlett-Packard Co.. 

Medical Klee. Div. ........ Piisademi, Cal. 

0H27H Mlcrixlol. hu; H»i. Pasadena, Cal. 

08291 Seulectro Corp Mamaronecli. N.Y. 

06376 Zero Mi g'. Co. RurlKoik, Cal. 

0B4I6 Etc Inr Cleveland, Ohio 

06731 General Mills Inc., Eleelronlcs Div. 

Mlnneaimlls, Mlua. 

06734 Paeco Division ol Ib^wlell-Packard Co, , 

Pub' Alio. Ciil. 

081)21 North Hills Electronics. Inc. . Glen Cove. N. Y. 
0807H Intornatlonal Eleclriinlc Research Cnrp, 



HurUink, 

00109 Columbia Technical Cf»rp. . . . New York, N. Y. 

99313 Vartan Associates. iVl'i Alhi, Cal. 

09379 Atlee Corp. Wlnchestei , Mass, 

00515 Marshall Ind. , Capaellor Div. . Monrovia. Cal. 
[19707 Cnnlrul Switch Division, CmitrolK Co. 

nl America Kl .Si'gtindo. Cal. 

09H09 Delcvnn Elecironics Corp. . E.ist Aurora, N. Y, 
99H46 WIleo Corporation , . , 1 . 1mliana|mlls. ind, 

0992H nranson Corn 1 .... . WUlppany, N..1. 

09034 Rembrandt, Inc; Hostoii, Mass, 



09942 llollman KlectruaicH Corp. , 

.Semli'oivhu'to. 'bvlslnii Kl Monte, Cal. 

09957 Techmilogy*lt>slr%*iTionl Corp. 

ol CallliM'ida Nm^'hury Park, Cpl, 

>. ’ 



' The following IIP Vendors have no number asHlgiicd In Die lalesl Hupjdomcnl lo the Federal Supply Cfsle lor Manuliictiirers llandlsink. 



0900F Malci) Tool and Die ...... Li»s Ai)gelet<. ( alH, 'DOOCS llewli!tt‘'I^lckard Cn, . Colorado OOOQQ C4Kiltru]i .Oakland, Cal, 

OOOO'Z Willow Leather PriKlucts Corp. . . Newark, N.J. HpringsDlv. ♦ Colorado Springs, Cidoriuio 096WW California Kasti'rn Lab IbirlIngton.'Cal. 

OOOAB ETA I * 1 . England OOOMM Rubber Kng. & Dovelopmenl , . .Hayward, Cal. 090YY H. K. Sinllh Ci>, . Los Angeles, I'al. 

OOODB Prucislon Instrument Comp. Co. Van Nays. Cal. 090NN A "N" D Mtg. Co , ,Han iltise, Cal. 
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Model 489A/4dlC 



Manual Changes 



SECTION VII 
MANUAL CHANGES 



7-1. INTRODUCTIOIM 

7-2. This manual applies directly to instruments bearing serial pr.efix 972-. For serial prefixes higher 
than 972-, a Manual Changes Sheet is provided with the manual For serial prefixes lower than 972-, 
refer to the chart below to find required serial prefix and make the changes listed for that prefix to the 
manual; 



Serial Prefix or Number 


Make Manual Changes 


151- 


A thru L 


207- 


B thru L 


226- 


C thru L 


351- 


D thru L ' 


424- 


E thru L 


449-00446 thru 449-00566 


F thru L 


449-00566 thru 449-01015 


G thru L 


811-01016 thru 811-01135 


H thru L 


811-01136 thru 811-01155 


I thru L 


811-01156 thru 811-01215 . 


J, K, L 


843-01216 thru 843-01315 


K, L 


930-01316 thru 930-01395 


L 



CHANGE A Figure 8-10: 

Change T2 pins 10 and 11 to 16 and 17 respectively. 
Change T2 pin? 16 and 17 to 10 and 11 respectively. 



Figure 8-17: 

Reverse terminal numbers, 1 becomes 15, 1.6 becomes 1. 

CHANGE B Figure 8-17 and Parts List: 

Change R118 to RtFXD, dep c, 3.0 Megohm, 1%, 1/2W, HP Part No. 0727-0292. 

CHANGE C Parts List: 

Change K1 to Relay: 3 minute time delay, HP Part No. 0490-0037. 

Entire Manual: 

Change K1 reference ."rom “90 second time delay" to “3 minute time delay". 

CHANGE D Figure 8-10: ^ 

Change T2, pins 14 and 15 to read “6.5 Vac". 
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Manual Changes ' Model 489A/491C 



Parts List: ■ ' 

Change T2 to HP Part No. 9100^0152. 

CHANGE E Parts List: 

V7: T\VT supplied with the instrument: 

489A: HP Part No. 1952-0014 ’ 

491C: HP Part No. 1952-0016 

Replacement TWT, either as above, or: ^ 

489A: HP Part No. 1952-0020 
491C: HP Part No. 1952-0021 

j . ■ • . • » 

If 1952-0021 is supplied for the 491C, R205 should be the 10 ohm wirewound poten- 
tiometer listed in the Parts List (HP Part No. 2100-1767). The 10 ohm potentiom- 
eter is satisfactory for all replacement tubes. ' 

CHANGE F . Figure 8-17 and parts List: 

Change R105 and R106 to 15K ohm, HP Part No. 0693-1531. 

CHANGE G Figure 8-14 and Parts List: ' 

Change A200 Assembly from HP Part No. 489A-65E to HP Part No. 495A-65E for 
Model 49 1C only. 

Cnange R205 to 4 ohm, HP Part No. 2100-0334. 

Figure 8-17 and Parts List: 

Delete CR109. 

Parts List: 

Change K2 to HP Part No. 0490-0039. 

Delete reference to Relay Retainer, HP Part No. 0490-0750, and to Relay Socket, 
HP Part No. 0490-0751. Refer to Figure 7-1 and use in place of Figures 8-9 and 
8-11 for comppnent placement. 

CHANGE J Figure 8-14 and Parts List: 

Change R29 to R:FXD, dep c, 975K ohm, 1%, 1/2W, HP Part No. 0727-0266. 

Change R30 to R:FXD, dep c, 1.13 Megohm, 1%, 1/2W, HP Part No. 0727-0278. 
Change R31 to R:FXD, dep c, 1 Megohm, 1%, 1/2W, HP Part No. 0727-0276., 

Change R32 to R:FXD, dep c, 500K ohm, 1%, 1/2W. HP Part No. 0727-0246. 

Change R36 to R:FXD, dep c, 260K ohm, 1%,.1/2W, HP Part No. 0727-0226. 

Change R38 to R:FXD, dep c, 312K ohm, 1%, 1/2W. HP Part No. 0727-0232. 

Change R39 and R40 to R:FXD, dep c, 600 K ohm, 1%, 1/2W, HP Part No. 
0727-0246. 

Change R42 to R:FXD, dep c, 115K ohm, 1%, 1/2W, HP Part No. 0727-0213. 

' Change R45 to R:FXD, dep c, 667K ohm, 1%, 1/2W, HP Part No. 0727-0249. 

Change R46 to R:FXD, dep c, 376K ohm, 1%, 1/2W, HP Part No. 0727-0237. 

Change R202 and R203 to R:FXD, dep c, 1000 ohm, 1%, 1/2W, HP Part No. 
, 0727-0100.' 

Figure 8-17 and Parts List: 

Change R107 to R:FXD, dep c, 600K ohm, 1%, 1/2W, HP Part No. 0727-0246. 

Change R109 to R:FXD, dep c, 150K ohm, 1%, 1/2W, HP Part No. 0727-0226; 

Change R119 to R:FXD, dep c, 800K ohm, 1%, 1/2W, HP Part No. 0727-0265. 



CHANGE H 
CHANGE I 



7-2 



Model 489A/491C Manual Changes 



Change R122 to R;FXD, dep c, lOOK ohm, 1%, 1/2W, HP Part No. 0727-0208. 
Change R124 to R:FXD, dep c, 7960 ohm, 1%, 1/2W, HP Part No. 0727-0149. 
Change R125 to R:FXD, dep c, 1 Megohm, 1%, 1/2W, HP Part No. 0727-0276. 

Table 1-1, Specifications, under Gain Variation with Frequency: 

Change to read, “At 1 watt output: 6 dB or less across the band.” , 

Change to read, “Small signal: 10 dB or less across the band, 5 dB or less across any 
10% of the band.” 

Parts List: 

V7: TWT supplied with the instrument: ' 

489A: HP Part No. 1952-0014 or 
HP Part No. 1952-0020 
491C: HP Part No. 1952-0015 or 
, HP Part No. 1952-0021 
Replacement TWT, either as above, or: 

489A: HP Part No. 1952-0029 ■ 

491C: HP Part No. 1952-00:i0 

The 10 ohm wirewound potentiometer listed for R205 in the Parts List is satisfactory 
for all replacemetit TWT's. , ,, 

Figure 8-10 and Parts List: 

Delete R47. 

CHANGE L Figure 8-10: 

Refer to Figure 7-2 and use in place of Figure 8-10. 

Parts List: 

Change FI (116V) to 3 amp, HP Part No. 2110-0Q03. 

Change FI (230V) to 1.6 amp, HP Part No. 2110-0043. 

Change J3 to HP Pan No. 1251-0148. 

Delete K3. 

Change S2 to HP Part No. 3101-0034. 

Change Detachable Power Cord to HP Part No. 8120-0078. 
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Figure 7-L A1 High Voltage Power Supply Assembly Serial Prefixes 811-01155 and below 



7-4 






Figun; 7-2, Primary Power and Regulated Filament Circuity Schematic Diagram 

Prefixes 930-01395 and below 
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SECTION VIII 
SERVICE 

81. Introduction 8-7. schematic diagrams 

8-2. This section contains principles of opera- 
tion, circuit descriptions, troubleshooting pro- 
cedures, and schematic diagrams. 

8.-3! PRINCIPLES OF OPERATION 

8-4. A description of the overall block diagram 
and general principles of operation are presented 
opposite Figures 8-5 through 8-7. A detailed de- 
scription is shown opposite each appropriate fold- 
out schematic diagram. 

8-5. TROUBLESHOOTING 8-10. As an aid to finding components and 

assemblies in the diagrams, each diagram has a 
8-6 A logical troubleshooting tree is shown’ in box labelled “Reference Designations” that 
Figure 8-7. Recommended test equipment for use contains all the reference designations appearing 
in troubleshooting is shown in Table 1-2. on u»e diagram. 




Figure 8-1. General Information on Schematic Diagrams 



1 I 



8-8. The schematic diagrams in this section rep- 
resent the circuits electrically. They are not 
wiring diagrams, though wire colors are given 
where practical. 

8-9. Some of the general information obtainable 
from the .schematics is shown in Figure 8-1. 
Notes and explanations pertaining to all diagrams 
are contained in Figure 8-2. Notes about specific 
components, circuits or conditions are given on 
the diagram to which they apply. 
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, SCHEMATIC DIAGRAM NOTES 

Refer to MIL Std 15B for Symbols Not Shown 

Resistance is in ohms, capacitance is in picofarads and inductance is in micro- 
farads, unless otherwise noted, * 

P/0 = part of. 

Asterisk denote.s a factory-selected value. Value shown is typical. Capacitors 
„ may be omitted or resistors jumpered. 

O Screwdriver adju.stment. O Panel control. 



' Enclo.ses front panel de.siRnations, CZIZj Encloses rear panel desi|»nation. 



Circuit assembly borderline. 



■ — ' Other assembly borderline. 

j . 

. » Heavy line with arrows indicates path and tlirection of main .si|»nal. 

^ ^ Heavy dashed line with arrows indicates path and (iirection of main feedback. 



o 

C ) 



^ 0 

© 

© 





Wiper moves toward CW with clockwise rotation of control as viewed from shaft 
or knob. ; 

Numbers in circles on circuit assemblies .show locations of test poiiits.' 

Encloses wire color code. Code used (M1L-STH-B81) is the .saipe as the resistor 
color code. First number identifies the base color, fX’cond num ber t he wider 
stripe, and the third number identifies the narrower stripe. E.[>j, denotes 

white base, yellow wide stripe, violet narrow stripe. ; ' i 



Voltage reffulator (breakdown diode). 

Denotes Field Effect transistor (FET) with N-type base. 
Denotes FET with P-lype base, 

Denotes Capai.’itive diode ( Varicap, varactor). 

Denotes Silicon Controlled Rectifier. 

P-Type Metal Oxide Substrate FET (MOSFET) 

t 

N-Type Metal Oxide Substrate FET (MOSFET) 



Figure 8-2. Schematic Diagram Notes 
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Figure 8-4. Bottom Internal View 
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SERVICE SHEET 1 
Block Diagram 

The RF input signal is applied to the Microwave 
Amplifier INPUT, amplified by the traveling-wave 
amplifier tube (TWT), and taken at the Micro- 
wave Amplifier OUTPUT. Within the instrument 
all the voltages required by' the traveling-wave 
amplifier tube are supplied by the regulated high 
voltage power supply and modulator. The ref- 
lated high voltage power supply provides helix/ 
collector, anode and modulator voltages. The cir- 
cuit supplies high voltage to the collector and 
helix directly. Anode voltage is supplied to the 
anode through cathode follower VS; modulator 
voltages are supplied . through +300 volt series 
regulator V5, and +400 to +750 volts from the 



Model 489A/491C 



high voltage power supply is supplied to the 
modulator directly. -350 volts is supplied to the 
modulator by the -350 volt regulated power 
supply. The modulator controls voltage to the 
grid of the TWT. This voltage is made variable by 
the front panel GAIN control I’rum approxi- 
mately -40 to -300 volts. Thus the GAIN control 
sets the gain of the amplifler. 

The Microwave Amplifier can be amplitude 
modulated. Externally applied modulation signal^ ' 
ore applied to the front panel MOD INPUT and 
dc coupled through the modulator to the grid ol 
the TWT. 




Figure 8-5, Overall Block Diagram 






CAUTION 

If the line fuse (Ft) consistently blows, or the helix overload relay 
(K3) or the fail-safe relay (K304^ consistently triggers, DO NOT 
ATTEMPT to troubleshoot with the TWT connected to the Amplifier 
Circuitry. Perforni the following before proceeding with the trouble- 
shooting tree:. 

a. Remove all TWT connections from El. 

b. Connect the following dummy loads: 

1. Connect a:24K ohm, BO watt resistor between the c'llector 
(Etc) and ground. This can be made with four 6000 ohm, 20 
watt resistors. 

2. Connect a 5 ohm, 5 watt resistor between the heater terminals < 

(ElBand E1EK 

c. Proceed with the troubleshooting tree as shown. 

I 

Figure 8-7. Overall Troubleshooting Tree 
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SERVICE SHEET 2 

Regulated Filament Supply ^ 

The filament supply is a conventional series reg- 
ulated power supply that supplies dc voltage to 
the filaments of differential amplifier VI 03, and 
TWT V7. Successive regulation is provided by 
GR304 and CR305 to hold the base of Q301 
constant. FILAMENT ADJUST R306 sets the 
regulated output voltage. 

Protection is provided by relay K304 and CR308, 
in the event that the filament voltage exceeds the 
limits set by FILAMENT ADJUST R306. K304 
and CR308 are placed in parallel with the fila- 
inents. If the voltage limits set by FILAMENT. 
ADJUST R306 are exceeded, CR308 will break 
down and K304 will energize, opening the fila- 
ment circuit and removing ac power to high volt- 
age supply. 




Figure 8-8, Component Identification A300 
Filament Regulator Assembly 




Service 



Model 489A/491C 



■ ® 













ftpin 






'.' ,' f ' i 



■i.O'fv '■■ ■!J 



Figure 8-9, Component Identification, AJ High Voltage Power Supply Assembly 
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notes 

1. SEE A REGULATED POWER SUPPLY SCHEMATIC 
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RELAY SHOWN DE-ENERGIZED POSITION. 
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4 . BOARD ASSEMBLY 
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Figure 8-10. ^rimary Power and Regulated Fila- 
ment Circuit, Schematic Diagram 
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! 

SERVICE SHEET 3 

. 1 ' ■ 

Regulated High Voltage Power Supply 

The series regulated high voltage power supply includes series regula- 
tpr tubes VI and V2, reference tube V3, and differential amplifier 
tube V4. 

I 

VI and V2 are connected in series with the main load. A regulated 
output voltage is obtained by varying the internal resistance of the 
series regulator to compensate for variations in load current and 
source voltage. Initially, HIGH VOLTAGE ADJUST R37 sets the 
desired regulated output voltage. If the output voltage varies from 
tkis pre-set value, the variation is sensed by differential amplifier 
V4A/B, The amplified output is applied to the grid of the series reg- 
ulator tubes, thereby keeping output voltage constant. Reference tube 
V3 maintains a constant 150 volt difference potential between regu- 
lated output voltage terminal and the grid of V4A. 

' Capacitor C13 shunts ac frequency changes in the output voltage 
directly to the grid of V4A. Capacitors Cl 5 and Cl 6 hold the grid of 
■ V4B, constant oncn HIGH VOLTAGE ADJUST R37 has been set. 

j 

Unregulated dc voltage for the high voltage power supply is supplied 
by the voltage doubler which consists of CRll through CR16, and 
Cll and C12. 

Anode cathode follower V8 supplies an adjustable voltage for the 
anode of traveling-wave amplifier tube V7. CATHODE CURRENT 
Adjust R43 sets the TWT anode voltage and thus the beam current 
to a value that will produce at least 1 watt at the RF OUTPUT, with 
the application of 1 milliwatt to the RF INPUT, 

+300 Volt Power Supply 

This regulated power supply includes +300 volt series regulator V5, 
and control tube V6. The circuit is a series regulated supply similar, in 
operation to that of the high voltage supply. It derives its voltage 
from the regulated high voltage power supply, and thus produces a 



; \ ' ' ' 

A 

. 1 1 ^ 

^ i 

■ V- \ , 

nearly ;ripple-free, highly regulated voltage to the modulator. There 
are no' controls for adjustment of the +300 volt modulator powor 
supply. All components are fixed to provide a +300 volt output to 
the modulator regardless of the high voltage power, supply output 
voltage. 

Meter M201 

The meter monitbrs cathode current. It is adj'usted for proper sensi- 
tivity with METER SENSITIVITY ADJUST R206. 

Traveling-Wave Amplifier Tube 

The traveling-wave amplifier tube used in the Model 489A/491C in- 
cludes an electron gun which projects a focused beam throu^ a 
helically-wound coil to a collector electrode. The focused electrons / 
are held in a pin-like beam through the helix by the periodic perma- 
nent magnet focusing structure which produces a powerful magnetic 
field along the fuU length of the ’tube. 

The RF signal coupled into the gun-end of the helix travels around 
the turns of the helix and thus has its linear velocity reduced by bn 
amount equal to the ratio of the length of wire in the helbc to the 
length, of the helix itself. The electron beam velocity, determined by 
the potential difference between the cathode and the helix, is ad- 
justed so that the electron beam i travels a little faster than the RF 
signal. The electric field of the RF signal on the helix interacts with 
the electric field created by the electron beam and increases the 
amplitude of the signal on the helix, thus producing the desired 
amplification. 

Note', 

The ceramic magnets used in the TWT wilt defocus the 
electron beam if ambient temperature within the in- 
strument exceeds 35“ C. If TWT is operating above this 
temperature, poor power amplification can be 
expected. 





SERVICE SHEET 2 
Primary Power and Regulated Filament Circuit 
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Figure 8-12. Component Identification. AlO Rectifier Assembly 



i 







Figure 8-13. Component Identification. A200 TWT Test Board Affsembly 




3 . 



& H-P 491 C 

ORANGE LEAD TO PIN 9 
RED LEAD TO PIN It 



4. average VALUE SHOWN 
(PART MAY BE OMITTED) 



Figure 8-14. Regulated Power Supply, Schematic 
Diagram 
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SERVICE SHEET 4 
Modulator 

The modulator includes the amplifier circuit and 
regulated power supply. The amplifier circuit is a 
dc coupled circuit that sets the gain of the travel- 
ing-wave amplifier tube, and accepts externally 
applied amplitude modulated signals from dc to 
500 kHz (dc to 100 kHz for large input signals). 
The regulated power supply provides -350 volts 
for this amplifier circuit and the +300 volt 
supply. ' ' ' 

Amplifier Circuit 

The amplifier circuit includes differential ampli- 
fier V103, output amplifier V104, and current 
sink QlOl. Externally applied modulation signals 
are applied through *he A section of differential 
amplifier V103. to the output amplifier V104. 
The output of VI 04 is applied to the grid of the 
TWT, Degenerative feedback is applied from the 
output of V104 to V103 to increase stability and 
frequency response. 

The B section of differential amplifier V103, by 
means of the front panel GAIN control, sets both 
the gain of the TWT and the average output level 
for the externally applied amplitude modulation' 
signals. GAIN LIMIT ADJUST R121 sets the 



least negative voltage on the grid of the TWT 
(approximately -40 volts). Current sink QlOl 
minimizes attenuation of the signal coming from 
V103 at low dc levels. The voltage at the base of 
QlOl is held constant by diodes CR104, CR105 
and CR106. Variable capacitors C108 and Clll 
are adjusted for high frequency compensation; 
CR103 provides current through R104 when the 
instrument is in the STANDBY position. This 
permits operation of the -350 volt power supply 
and thus keeps the TWT grid voltage at a negative 
potential when the instrument is in the STAND- 
BY condition.. Voltage divider (R129, R130), 
diode CR108, and capacitor C102B at the modu- 
lator output cause the TWT grid voltage to rise 
slowly (when instrument is first turned on) from 
a negative voltage to its norma! operating voltage, 
yet does not affect externally applied modulation 
voltages. When the instmment is in operation, 
CR108 is back biased, effectively removing 
C102B from the TWT grid. 

-350 Volt Regulated Power Supply 

This is a conventional series regulated power 
supply that provides -350 volts for the amplifier 
circuit. The circuit , includes series regulator 
VIOIA, control tube VIOIB, and reference tube 
V102. -350 VOLT ADJUST R108 sets the regu- 
lated voltage output of the circuit. 
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Figure 8-15. Component Identification, A 10 Rectifier Assembly 
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notes: 
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Figure 8-16, Component Identification, AlOl Modulator Assembly 



I Figure 8-17. Modulator. Schematic Diagram 

i ■ , 
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MANU AL CHAN6E S 



MANUAL lOENTIFtCATlOK -i 

Model Nuipfaer; 4S9A/49 IC 
Date Printed i August 1970 
Part Number; 00489-90006 



This supplement ronUlns Important Infotrnatlon for correctlnp manual errors and for adapting the manual to 

instruments containing improvements made after the printing of the manual. * 

To. use this siipplemeht: 

Make all ERRATA corrections.', . 



Numb»r4MA. Makt MarunI Ch«n*Ajf''.fcl, 

'1144A0 1566 thru ^ 

H44A0169S ; 



1144A01696thru y 
n44A0l7l5 


-.1.2 " - ■ 


,n44A017I6thru 
1144A prefix 


L2.3 ■ 


1545 A. 1640 A 


■' *>2r3 ; V 


1653A 


■l,2.3.4 ' 


-1707A. :V. 


■■,1,-2, 3,4, 5 


'r715A' -:^^-'' ■■ 


i,2,3,4,5,6 ' ■■ 



in the tables below. 

M»hr M»nu») Chini«_ 

‘ i,r44AOI566 Ihru ■ 



NEW ITEM 



i;.1144A0I7IS 


y V.-' 


i',j,l44A01716thru 

>i44A0I775 


1,2 . ■ 


1144A01 776 thru 
1 144A prefix , 


J.2.3 


1545A 


1,2,3 


1649 A ' 


1,2, 3, 4 , 


I713A 


1.2, 3, 4, 5 


1715A ' 

- — ' • • ' ' 1 


.1,2,3,4,5,6 , 



EHRATA'.' ■ 

' Inside Front Cover; 

,, Add: ^ “CONDITIONS OF WARRANTY FOR BACKWARD WA VE OSCILLATOR TUBES AND 

■ V;''’';,ftige'l-2,TaW^ vV 

j : After Dimensions, add Figure 1 0 ^ this Manual Changes. 

' Change Amplitude Modulation specification to read: ' 

' “Sensitivity vs Frequency Response: A modulation signal of DC to 50 kHz with ampUtude of -20V peak 
reduces the RF output by more than 20 dB. Above 50 kHz, sensitivity decreases approxiinately 6 dB per 
octave increase in modulation frequency.” ' ' 

Accessories Fumished:V \ v ^ ■ I- 

■ '■ ' Ttelete aU references to Rack Mounting Kit, 

. 'r. Accessories Available: 

; Add: “A Rack Mounting Kit is available to install the instrument in a 1 9-lnch rack. Rack Mounting Kits 



5060-8740.” 



NOTE 



Mwual ch^i luppltmiRU' itr«; riviMd u ofun u. itacntary to http manuAb as currant and aADurara nn«ihi. 
tom^an (WAlodlctUy raquiit tht laUit tdiUon of thti luppltmtnt. FrtTeoplct art Ci^Jblt 
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■|.■00489-^^p006'■■ ^ " 48‘ 

' ERR^rfA'lCont’di'V^ ''/V; 

►Page’ 1 -I , Section It 
/ ® SAFETY 

-/ ifige 1-3, Table l'*2: . , 

. , ' Change critical specification of the HP Model 8616A Signal Generator to read; 

/ ' “Freq. Range: 2 to 4 GHz, Power Output: 1 mW, Leveled Output: +0,5 dB,” 

- Page 34 , Paragraph ^ , 

, Change CAUTION to read as follows: ■ ' 

/■: . p*----- — 

' :■■ ■■ /' ■ i' ■ . CAUTION ' 

/ '■ 'v' / ,, 

V, , ' 'RF POWER QlilPiJT port must be tirtninatid with 1 50>ohm load whin LINE switch is sat to 

! ON j^osition.'Fi^iiurs to terminate the output port, rtgardlisi of whether ornot a signal is prt‘ 

; e /' ,, se.rtt at the RF POWER INPUT port, may result in permanent damage to the TWT. 

■'/ - .A. ' ■ 'A ■ A • : 

Chwge all references to time delay in step a to 120 seconds (three places). ' 

Change second sentence in step b to read: ; 1 

/ •‘Arnaximuip oh milliwatt at the INPUTjackproducesu-minimumof I watt at the OUTPUT jack across the 
. , > , fieqiiency range.” ■ \ - 

' ' ■ ■ ■ ■ ■' ' . ■’ ■ 

Page>l, Paragraph 3-7: ■ 



489A749IC 



phange CAUTION to read: 



■; -I" •. i,' * 

■'‘v'-'A/.A': 
• .1 ' 



I CAUTION 

MMBMWMewMewmMeeMa 

Peak cathode current must not be allowed to enter red region of meter. 



Add after CAUTION: 



Page 3-3, Figure 3-1 ; •” ■ ^ 

Change all references to time delay to 120 seconds (Items 1 and 3), . 

Page 4-1, Paragraph 4-2: 

Add the following CAUTION: ’ 

CAUTION . ■ 

RF POWER OUTPUT port must be terminated with a 50-ohm load when LINE switch iit »t to 
ON position. Failure to terminate the output port, regardless of whether or not a signal is pr^ 
sent at tha RF POWER INPUT port, may result in permanent damage to the TWT. 

, Page 4-2, Paragraph 4-7: 

Change Specificaiion to read; “Power Output; 1 watt or greater with 1 mW or less input.”' ' 

Change ATTENUATION setting in step 1 to -20. 

, Change step 2 to read: “Increase signal generator output power with the attenuator until the external power meter reads 
, 1 watt. The attenuator must read less than 0 00 dBm,” 

Page 4-5, Paragraph 4-10: i’ ' . 

^ Change setting ofGAlN control in step I of Procedure to'FULLY CLOCKWISE. 
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I^ge S-1 , Paragraph 




Figure 1, 489A/49JC Dimensions (ERRA TA ) 



Add the following CAUTION: 



I CAUTION 

RF POWER OUTPUT port must be tirmiintBd with ■ 50-ohm load whtn LINE switch is sat to 
ON position. Failuri to tarmirata tha output port, itgardlass of whathar or not a signal is pra- 
sant at tht RF POWER INPUT port, may rasult in parmanant damaga to tha TWT. 

Page 5-2, Paragraph 5-5, TWrniAMENT ADJUSTMENT: < 

Change step I to read: “Rotate FILAMENT ADJUST R306 fully counterclockwise.” , \ 



Page 5-6, Paragraph 5-1 1 : ■ . ^ 

Change last part of Descripr/on to read: “...adjust the CATHODE CURRENT METER ADJUST for a meter reading 
below the red area of the metei' dlsplay.'V ^ , 

Change step 3 of Fmcedurexo read: “Rotate CAIN control fully clockwise and tune source to low power point of band.” 
Change step 4 oiFrocedure to read: “Adjust METER SENSITIVITY R205 for a meter reading just below the red area 
of the meter display.” 



Page 6-2, Table 6-1 : 

Chwge table heading to read . 'Tah/e 6-1. Reference Designators and Abbreviations. "• 

' 'i’ :■ 

Page Table 6-2: 

Change Cl 1 and C12 HP Part Number to 0160-0675. 

Change CR104,CR105, and CR3Q1 HP Part Number to 1901-0033. ' 

Change CR107 and CR108 to HP Part Number 1901-0030, DIODE: SILICON 800 PIV, 



Page 64, Table 6-2: • 

Change CR306 and CR307 HP Part Number to 1901-0033, 
Change Q301 HP Part Number to 18SO-O098., 






’ 489A/491C 



ERRATA (Cont'd) 

Page 64. Table 6-2 (ConiM) 
t Change R38 HP Part Number to 0698-3425, 

' Change first K2 entry to HP Part Number 0490-0695, HELAY: DPDT, 28480, 0490>0695, 

Change second K2 entry to HP Part Number 0490-0752, RELAY RETAINER .950W. ‘ 

, Page 6-5, Table 6-2; ' 

Change R4 1 to HP Part Number 0687-562 1 , R: FXD COMP 5.6K OHM 1 0% 1 W, 

■ Change R1 18 to HP Part Number 0698-5989, R; FXD DEPC 2,2 MEGOHM I%I/2W. 

Change Tint V7 entry to HP Part Number 1952-0037, ELECTRON TUBE; TWT 1.0 to 2.0 GHz (489 A). 

, Delete second V7 entry.' , " 

Change third V7 entry to HP Part Number, 1952-0033, ELECTRON TUBE: TWT 1,0 to 2.0 GHz (489A ALTERNATE 
REPLACEMENT). 

Delete fourth, fifth, and sixth V7 entries. 

Page 6-6, Table 6-2: 

Change first V7 entry to HP Part Number 1952-0038, ELECTRON TUBE: TWT 2.0 to 4.0 GHz (491C). 

Delete second V7 entry. 

Change third V7 entry to HP Part Number 1952-0034, ELECTRON TUBE: TWT 2.0 to 4.0 GHz (491C ALTERNATE 
REPLACEMENT). 

Delete fourth, fifth, and sixth V7 entries. 

Page 7-5, Figure 7-2: ' . ,, 

Replace Figure 7-2 with Figure 7-2 of this Manual Changes. 

Page' 8-5, Figure 8-6; 

^ Change K1 to read “120 SECOND TIME DELAY.” 

Page 8-7, Figure 8-10: 

' ^ Change K1 to read: “120 SECOND TIME DELAY.” 

Page 8-9, Figure 8-14: > ' ' 

Add color code at pin A-5 to indicate 902 wire. 

I ' . Add color code at pin A-3 to indicate 97 wire. . < ' 

,, 1 Add color code at pin B- 12 to indicate 92 wire. 

Change color code at pin B-2 to 94. 

Change color code at pin A-1 3 to 926 (two places). 

Page 8-11, Figure 8-17; 

Change color code at pin 3 to 937. 

‘ . Change color code at pin 4 to 97. 

■ Change color code at pin 8 to 8. * '' 

Change color code at pin 12 to 902. 

' Add color code at pin 13 to indicate 0 wire. 

Add color code at pin 7 to indicate '5 wire. 

: / Add color code at pin 14 to indicate 92 wire. 

Add color code at pin 1 to indicate 92 wire. 

. ; Add color code at pin 6 to indicate 958 wire. 

Add color code at pin 4 to indicate 97 wire. 

Change R1 IP to 2.2M. 

CHANGE 1 

Page 6-6, Table 6-2: / ■ 

Change TOP COVER ASSEMBLY HP Part Number to 5060-8589. 

Change BQTTOM COVER assembly HP Pan Number to 5060-8713. 

Change RACK MOUNT KIT HP Part Number to 5060-8740. 




489A/491C 



CHANGE l'|Cont'i)V ; 

Page 6>6, Table 6>2: (Cont‘d) 

Add FRONT PANEL, HP Part Number 00489-00002, 

Add REAR SIDE COVER, HP Part Number 5000-8709. 

Add HANDLE RETAINER ASSEMBLY, HP Part Number 5060-8737, ' 

CHANGE 2 / 

Page 6-6, Table 6-2: 

. Delete 489 A- 1 2H entry, i 

Delete 489 A-1 21 entry, 

CHANGES 

Page 6-3; Table 6-2: , 

Change CI8 to HP Part Number 0180-0094, C;FXD lOOUF 25 VDC, 

Pitge 8-9, Figure 8-14: 

C^nge C18 value to 100 UF. 

CHANGE 4 

Page 6-6, Table 6-2: 

Change XFl to HP Part Number 21104)470, FUSEHOLDER BODY. 

Add HP Part Number 21 10-0465, FUSEHOLDER CAP, 

Add HP Part Number 21 1 0-0467, FUSEHOLDER NUT, HEX >4 - 28. 

Add HP Part Number 2190-0037, WASHER: LOCK, , > 

AddHP PartNumber 14004)090, WASHER: FLAT NEOPRENE. 

CHANGE 5 ■ 

Page 6-6, Table 6-2: ' 

Change HP Pirt Number 0370-0026 to 0370-131 1, KNOB: GAIN ADJUST. 

Delete 489A-43A (entire line). 

Delete 00489-00002, FRONT PANEL. ' • ! 

Add HP Part Number 00489-00004, SUB PANEL, 

Add HP Part Number 00489-00006, DECK: VERTICAL, 

Add HP Part Number 00489-00005, FRONT PANEL (489A ONLY) 

Add HP Part Number 00491-00002, FRONT PANEL (491C ONLY), 

Add HP Part Number 7 120-1254, LOGO, 

CHANGE 6 

Page 6-5, Table 6-2: 

Change R120 to HP Part Number 2100-2736, R:VARCOMP500K OHM20% UN 2W. 




Figure 7-2. Primary Power and. Regulated Filament Circuit Schematic (ERRA TA j 












CONDITIONS OF WARRANTY 
FOR 

BACKWARD WAVE OSCILLATOR TUBES 
■AND 

TRAVELING WAVE TUBES 

Microwave (BWO, TWT) tubes are warranted to be free from manufacturing de- 
fects. The operating tube warranty will be 12 months unconditional from date of 
shipment from Hewlett-Packard. If a tube carrying this warranty fails and must be 
replaced, only the applicable remaining warranty of the first tube is transferred 
to the replacement tube, or 90 days, which ever is greater, The Hewlett-Packard 
Company will process warranty claims for customers on tubes which were sup- 
plied by Hewlett-Packard for use in Hewlett-Packard Instruments. The serial 
number of the tube failing and the serial number of the replacement tube must 
be noted on the warranty claim form. 

"In Warranty" tubes purchased from Hewlett-Packard must be returned immed- 
iately (not to exceed 30 days from date of failure) with a complete Warranty 
Claim Form, to your local Hewlett-Packard Sales and Service Office. Addresses 
are listed in the instrument Manual. Be sure to pack the tube in accordance with 
the Packing Instructions listed on the Warranty Claim Form; warranty allowance 
cannot be made on tubes received broken due to improper packaging or showing 
evidence of tampering. 

Instructions for filing a warranty claim are listed on the "Microwave Tube War- 
ranty Claim" form which is included with the Operating and Service Manual 
for your instrument. This form is also included with replacement Microwave tubes 
supplied by Hewlett-Packard. Additional copies may be obtained from your local 
Hewlett-Packard Sales and Service Office. (Please refi HP Stock No!' 9320-1 865. ) 

■■■ - -i ^ \ - . 

Hewlett-Packard specified replacement tubes can be obtained from your local 
Hewlett-Packard Sales and Service Office. 




SAFETY CONSIDERATIONS 



GENERAL 

Tliis product and related documentation mu3t be 
reviewed for familiarization with safety markings 
and instructions before operation. This product has 
been designed and tested in accordance with inter- 
national standards. 



SAFETY SYMBOLS 



Instruction manual symbol; the 
product will be marked with this 
symbol when it is necessary for 
the user tp refei; to the instruc- 
tion manual (refer to Table of 
Contents). 



Indicated hazardous voltages. 



Indicates earth (ground) terminal.' 



SAFETY EARTH GROUND 

This is a Safety Class I product (provided with a 
protective earthing terminal). An uninterruptible 
safety earth ground must be provided from the 
main power source to the product input wiring ter- 
minals, power cord, or supplied power cord set. 
Whenever it is likely that the protection has been 
Impaired, the product must be made inoperative 
and be secured against any unintended operation. 



BEFORE APPLYING POWER 

Verify that the product is configured to match the 
available main power source per the input power 
configuration instructions provided in this manuail. 

If this product is to be energized via an autotrans- 
former make sure the common terminal is con- 
nected to the neutral (grounded side of mains 
supply). 



WARNING 



CAUTION 



The warning sign denotes a 
hazard. It calls attention to a 
procedure, practice, or the like, 
which, if not correctly performed 
or adhered to, could result in 
personal injury. Do not proceed 
beyond a warning sign until 
the indicated conditions are fully 
understood and met. 



The CAUTION sign denotes ,a 
hazard. It calls attention to an 
operating procedure, practice, or 
the like, which, if not correctly 
performed or adhered to, could 
result in damage to or destruc- 
tion of part or all of the product. 
Do not proceed beyond a CAUi 
TION sign until the indicated 
conditions are fully understood 
and met. 



SERVICING 



WARNING 



•Any servicing, ddjustment, nmintenance, 
or repair of this product must be per’ 
formed only by qualified personnel. 

Adfustments described in this manual 
may be performed with power supplied 
to the product while protective covers 
are removed. Energy available at many 
points may. If contacted, result in per’ 
sonal injury, 

Capacitors inside this product may still 
be charged even when disconnected from 
its power source. 

To avoid a fire hazard, only fuses with 
the required current rating and of the 
•specified type i normal blow, time delay, 
etc.) are to be used for replacement. 





